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ABSTRACT 


| А л account is given of Subsection Macroceras Ostf., incorporating the use of 
ро аг co-ordinate measurements of antapical horn curvature іп descriptions and delimitation 
of species. 


UITTREKSEL 


STUDIES IN DIE GENUS CERATIUM SCHRANK МЕТ VERWYSING МА - 
STERS IN DIE AGULHASSTROOM VERSAMEL: 3. МЧ 
"n Taksonomiese verslag van die subseksie Macroceras Ostf. wat polére koordinate уап anta- 
pikale horing geboéndheid in die beskrywing en afbakening van die soorte gebruik. 


INTRODUCTION 

The use of polar co-ordinates in measurement of antapical horn curvature in 
Section Macroceras Ostenfeld has already been discussed, (Reinecke 1973). For 
convenience the terminology used in the key and descriptions is again given. 


TERMINOLOGY 
Polar co-ordinates—degree and radius co-ordinates used here as a means 


of measuring the curvature of the antapical horns, plotted on camera 
lucida drawings of full dorsal or ventral aspect, at intervals of 15 p, 
along the edges of the horns initially adjacent to the base of the hypo- 
theca. 

Radius unit—on the scale of the camera lucida drawings and the polar 
co-ordinate graph paper used, one radius unit is approximately equal to 
3 u. The radius units are sometimes given as R.U. 

Zero point for radius co-ordinates—the point of inception of the antapica] 
horn immediately adjacent to the base of the hypotheca. 

Posterior line—a line drawn to pass through the zero points of the anta- 
pical horns. 

Zero line for degree co-ordinates—determined by drawing lines through 
the zero points of the right and left horns perpendicular to the posterior 


line. 
MRC-—the maximum rate of change of direction of curvature of a horn 
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measured in degrees over 15 и after the initial curvature from 0-15 p. 
(Very rarely, the MRC occurs over two, in exceptional cases three, 
successive 15 u intervals.) 
MBC—the point of maximum backward curvature of the horns, deter- 
mined by the construction of a tangent to the posterior or lower edge of 
the antapical horn parallel to the posterior line. 
= —ratio in which H is the perpendicular distance between a line 
joining the profile edges of the lower girdle list and a line parallel to it 
through the zero point for the radius co-ordinates of the left horn, and 
B is the perpendicular distance between this latter line and a line parallel 
to it drawn as a tangent to the lower edge of the left antapical horn. 
= and = —ratios іп which L90 and R90 are the left and right horn 
radius co-ordinates with the 90° co-ordinate, and D is the girdle diameter 
measured in radius units. 

aux —ratio in which RM BC is the right horn MBC radius co-ordinate 
In R.U. 


In order to compare specimens illustrated in the literature with those seen 
in the Agulhas current NGY samples collected during International Geophysical 
Year 1958, it was necessary to make photographic enlargements at a scale 
similar to that of camera lucida drawings of the NGY specimens. In some cases 
the scale of the figures was unknown and it was impossible to estimate the girdle 
diameter, in other instances the scales could have been inaccurate and sometimes 
the drawings were poor. 


Subgenus ORTHOCERATIUM Sournia (1967): 376. 
Section MACROCERAS Ostenfeld (1903): 192. 
Subsection MACROCERAS 


DIAGNOSIS 

Differs from Subsection Robusta Karsten in that chain formation is extremely 
rare, and the length of the apical horn in posterior members of a chain is greater 
than 0,4 times that of the anterior cell in a complete chain. Differs from Sub- 
section Reflexa (Jórg.) Reinecke in that both antapical horns are anteriorly 
directed after the initial backward curvature. 


КЕҮ, USING POLAR CO-ORDINATE MEASUREMENTS OF ANTAPICAL HORN CURVATURE 
IN CAMERA LUCIDA DRAWINGS, TO TAXA ОЕ SUBSECTION Macroceras. 
(Based on specimens seen in Agulhas current NGY samples, sample IGY 121, 
from Oslo Fiord and on figures from the literature.) 


I. Both antapical horns very obviously deflected ventrally 
(1) Right horn MBC radius co-ordinate > 60 и C. deflexum f. sinensis 
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(2) К. noun НС ME co-ordinate < 55 и 
(i) Sum of left and right horn MRC's — 50 C. defluxum f. deflexun 
(ii) Sum of left and right horn MRC's © 50 С. deflexum /. пина 
II. Ventral deflexion of antapical horns slight or not possible to determine 
A. Left horn MRC occurs beyond the 75 p radius co-ordinate 
(1) Left horn degree co-ordinate with 15 и radius co-ordinate = 90 
(i) Girdle diameter = 60 p C. massiliense var. massiliense* 
(ii) Girdle diameter < 57 ш C. tenue* 
(2) Left horn degree co-ordinate with 15 м radius co-ordinate < 90 | 
(1) c hod ТЕС iE co-ordinate > 70* 
a ight horn degree co-ordinate < 40 C. deflexum f. sinensi: 
(aa) Right horn МВС degree co-ordinate > 40" а 
(b) Girdle diameter < 45 и C. trichoceros var. trichoceros 
(bb) Girdle diameter > 48 џ С. trichoceros var. contrarium 
(bbb) Girdle diameter 45-48 и 
(c) "Kink" present at base of left horn and/or ratio 


RMBC . 5 5 
S = 1/16) C. trichoceros yar. trichoceros 
(cc) “Kink” absent from base of left horn and ratio RNPS 
NUTS C. trichoceros var. contrarium 


(ii) Left horn MBC degree co-ordinate — 70* 
(a) Left horn MBC degree co-ordinate — 65 
(b) Right horn МВС degree co-ordinate > 40 
(c) Girdle diameter > 45 u 
(d) Right horn МЕС > 107 C. macroceros 
(dd) Right horn МЕС < 10" 
(e) Sum of left and right horn MRC's > 25 C. macroceros 
(ee) Sum of left and right horn MRC's — 25 
C. massiliense var. carriense* 
(cc) Girdle diameter < 45 p 
a. Girdle diameter < 45 ш С. trichoceros var. trichoceros 
aa. Girdle diameter = 45 и 
B. “Kink” present at base of left horn and/or ratio 
Ree K fe) C. trichoceros var. trichoceros 


BB. “Kink” absent from base of left horn and ratio 
ЕМЕСІ 1,75 С. trichoceros var. contrarium 


(bb) Right horn MBC degree co-ordinate = 40 
a. Difference between left and right horn MBC degree co- 
ordinates < 20° C. macroceros 
aa. Difference between left and right horn MBC degree co- 
ordinates > 20° ? | 
B. Sum of left and right horn MRC's > 40°, antapical 


horns smooth or with very minute denticles | | 
C. deflexum f. sinensis 


BB. Sum of left and right horn MRC's < 40, antapical 
horns often very spiny C. macroceros 

(aa) Left horn MBC degree co-ordinate — 65 
а. Ratio E > 2,00 C. macroceros 


aa Ratio =° < 2,00 
B. Difference between left and right horn MBC degree co- 
ordinates < 207 С. macroceros 


1 between left and right horn MBC degree co- 
pe Ена 20° C. deflexum f. sinensis 


AA. Left horn MRC occurs before the 75 p radius co-ordinate 
B. Ratio + < 0,90 
C. Ratio у > 0,80 
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(1) Sum of left and right horn MRC's > 40° 
(i) Sum of left and right horn MRC’s > 50° 
(a) Left horn degree co-ordinate with 105 z radius co-ordinate 
> 1508 C. deflexum f. deflexum 
(aa) Left horn degree co-ordinate with 105 p radius co-ordinate 
150* 


(6) Right horn degree co-ordinate with 105 и radius co- 
ordinate — 115^ and difference between left and right 
horn MBC degree co-ordinates < 202 С. macroceros* 

(bb) Right horn degree co-ordinate with 105 и radius co- 
ordinate > 115° and/or difference between left апа 
right horn МВС degree co-ordinates > 20° 

C. deflexum f. deflexum 

(ii) Sum of left and right horn MRC’s < 50° 
C. deflexum f. deflectomassum 

(2) Sum of left and right horn MRC’s < 40° 
(i) Left horn degree co-ordinate with 150 и radius co-ordinate > 130° 
C. massiliense var. massiliense 
(ii) Left horn degree co-ordinate with 150 » radius co-ordinate < 130° 
C. massiliense var. carriense 
CC. Ratio jj < 0,80 


(1) Right horn degree co-ordinate with 15 » radius co-ordinate = 45° 
(i) Girdle diameter < 57 ш C. tenue 
(ii) Girdle diameter = 60 p 
(a) Left horn degree co-ordinate with 150 и radius co-ordinate > 1307 
C. massiliense var. massiliense 
(aa) Left horn degree co-ordinate with 150 p radius co-ordinate < 130° 
C. massiliense var. carriense 
(2) Right horn degree co-ordinate with 15 ш deu co-ordinate — 45 
(i) Sum of left and right horn MRC's > 
(a) Left horn degree co-ordinate 7 150 ш radius co-ordinate < 130° 
C. massiliense var. carriense* 
(aa) Left horn degree co-ordinate with 150 и radius co-ordinate-— 135° 
(b) Sum of left and right horn MRC’s > 50° C. deflexum f. deflexum 
(bb) Sum of left and right horn МЕС < 50° 
С. deflexum f. deflectomassum 
(ii) Sum of left and right horn MRC’s < 40° 
(a) Left horn degree co-ordinate with 150 и radius co-ordinate > 130° 
C. massiliense var. iene 
(aa) Left horn degree co-ordinate with 150 z radius co-ordinate < 130° 
C. massiliense var. carriense 
BB. Ratio + = 0,90 
(1) Ratio  — < 1,10 
(i) Right horn MRC < 10° 
(a) Girdle diameter > 60 u 
(b) Sum of left and right horn MRC’s > 25° C. macroceros* 
(bb) Sum of left and right horn MRC’s < 25° 
í C. massiliense var. carriense 
(aa) Girdle diameter < 57 p C. macroceros* 
(ii) Right horn МЕС > 10° 
(a) Left horn degree co-ordinate with 105 и radius co-ordinate > 150° 
(b) Right horn MBC radius co-ordinate > 60 р. C. deflexum f. sinensis 
(bb) Right horn МВС radius co-ordinate < 55 и 
(c) Sum of left and right horn МЕС > 50° 
C. deflexum f. deflexum 
(cc) Sum of left and right horn МЕС?” < 50° 


C. deflexum f. deflectomassum 
(aa) Left horn degree co-ordinate with 105 и radius co-ordinate < 1507 
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а, рша between left and right horn МВС degree co-ordinates 


f. ЕТТ horn degree co-ordinate with 105 ш radius co-ordinate 
115* C. deflexum f. deflexum 
BB. Right horn degree co-ordinate with 105 ш radius co-ordinate 


C. macroceros 
aa, Bayi ence between left and right horn MBC degree co-ordinates 


> 


(0 БЕП nom degree co-ordinate with 105 p radius co-ordinate 


C) Right horn МВС radius co-ordinate > 60 p 
C. deflexum f. sinensis* 
(**) Right horn MBC radius co-ordinate — 55 и 
(*) Sum of left and right horn MRC's > 50 
C. deflexum ДЕ deflexum 
(**) Sum of left and right horn MRC's 
C. deflexum f. Pow ЖО 
(//) са horn degree co-ordinate with 105 и radius co-ordinate 
135* C. macroceros 


(2) Ratio = — = 1,10 Баг < 1,50 
(i) Difference between left horn radius co-ordinates of tangent parallel to girdle 
and of point of MBC > 100 и. C. massiliense var. carriense 


(ii) Difference between left horn radius co-ordinates of tangent parallel to girdle 
and of point of МВС < 100 u 
(a) Right horn MRC < 10° and sum of left and right horn MRC's — 25 
C. massiliense var. carriense 
(aa) Right horn МЕС > 10°, sum of left and right horn MRC's rarely · 
, never < 20° 
(b) Left horn degree co-ordinate with 105 и radius co-ordinate > 150 
(c) Difference between left and right horn MBC degree co- 


ordinates — 10^ C. macroceros* 
(cc) Difference between left and right horn MEC degree co- 
ordinates > 15" C. deflexum f. deflexum* 


(bb) Left horn degree co-ordinate with 105 p radius co-ordinate < 150 
C. macroceros 


(3) Ratio Н > 1,50 С. macroceros 


Ceratium macroceros (Ehrenberg) Vanhoeffen (1897): 310, 382, РІ. 5, Fig. 10. 
Okamura & Nishikawa (1904): 122, РІ. 6, Fig. 2; Paulsen (1908): 81, Fig. 109 
(= Bergh (1882) Fig. 27); Jórgensen (1911): 63, РІ. 1, Fig. 6 (heteromorphic 
chain), Pl. 7, Figs. 132a, b, 133; Mangin (1912): 25, Fig. 10; Dangeard (1926): 
315, Fig. Ас; Abé (1927): 427, Fig. 44A-E; Peters (1932): 47, РІ. 4, Fig. 17b; 
Wang (1936): 160, Fig. 29; Schiller (1937): 428, Fig. 468a, b (heteromorphic 
chain), ?c and ?d (solitary heteromorphs), (from Peters, reference not given); 
Silva (1949): 360, РІ. 7, Fig. 2, Pl. 9, Fig. 11; Margalef & Duran (1953): 42, Fig. 
12a-e, ?f (solitary heteromorph); López (1966): 330, Fig. 16. 

? e.p. Lebour (1925): 155, non Pl. 35, Fig. 1 (— C. tenue O. & S.); ? e.p. Wood 
(1954): 310, non Fig. 238a (either C. massiliense var. massiliense (Gour.) Kars. 
or C. deflexum f. deflectomassum Rein.); ? e.p. Klement (1964): 357, поп РІ. 3. 
Fig. 1 (— C. deflexum f. deflectomassum). 


ж Indicates a single specimen recorded with these dimensions. The portions of the E 
italics are included for the sake of completion, as specimens with these dimensions were 


measured. 


282 Journal of South African Botany 


Non Ostenfeld & Schmidt (1901): 167, Fig. 19 (= C. deflexum f. deflexum (Kof.) 
Jórg.); поп Wailes (1928) РІ. 11, Figs. 16-18 (= C. tenue and C. longipes (Bail.) 
Gran); non Ballantine (1961): 225, Fig. 56 (Either C. deflexum f. deflectomassum 
or C. massiliense var. massiliense). 

Mentioned without illustration as C. macroceros by: Pavillard (1905): 53; (1907): 
225; (1931): 87; Schróder (1906); Forti (1922): 62; Dangeard (1927): 377; 
Gaarder (1954): 14; Silva (1956); (1960); Braarud, Foyne & Hasle (1958); 
Travers and Travers (1962): 58; Mulford (1963): 86; Wood (1963): 12; Taylor 
(1967): 463; Nel (1968); Thorrington Smith (1969); (1971); Hasle (1969): 152. 
“С. macroceros Ehrb. f." Okamura (1907): 128, РІ. 4, Fig. 19. 

“С. macroceros (Ehrb.) f. ?" Abé (1927): 428, Fig. 46. 

Non “С. macroceros Ehrb. f. 2” Okamura (1907): 128, РІ. 4, Fig. 20a, b(— C. 
deflexum f. deflexum). 

C. macroceros subsp. macroceros: Graham & Bronikowsky (1944): 37, Fig. 21F. 
C. macroceros var. macroceros: Sournia (1966): 1982; (1967): 460, Fig. 83 
(— Jórgensen (1911) Fig. 133). 

Peridinium macroceros Ehrenberg (1840): 201. 

C. tripos Nitzsch var. a Per. macroceros (Ehr.) Claparéde & Lachmann (1859): 
ВОДИ ТО Fig. 

C. tripos var. macroceros: Gourret (1883): 26, РІ. 2, Fig. 41; Cleve (1897): 301, 
РІ. 1, Fig. 6; ? Schróder (1900): 15, PI. 1, Fig. 17f (peculiar form with unusually 
long right horn MBC radius co-ordinate). 

Listed without figure as C. tripos var. macroceros by: Zacharias (1906): 543. 
C. tripos macroceros: Entz (1902): 100, е.р., РІ. 2, Fig. 15, 213, 214 (solitary 
heteromorphs), ?16 (only body and bases of horns shown), поп 17 and 18 (— C. 
massiliense var. massiliense); Karsten (1906): 145, ep., Pl. 22, Fig. 29b-d, non 
a (— C. massiliense var. massiliense) ; (1907): 411, e.p., Pl. 49, Fig. 27b, non d 
(— C. massiliense var. carriense (Gour.) Rein.). 

C. macroceros var. karstenii Abé (1927): 427, Fig. 45. 

C. macroceros var. gallicum (Kofoid) Sournia (1966): 1982; (1967): 462, Fig. 84; 
Steidinger & Williams (1970): 46, Fig. 29a, b. 

“С. macroceros var. gallicum (Kof.) Jórg." Schiller (1937): 430, Fig. 469 (— Jór- 
gensen (1911) Fig. 134); Rampi (1939): 310, Fig. 42; Halim (1960): 180, РІ. 5, 
Fig. 7. 

Mentioned without illustration as “С. macroceros var. gallicum (Kof.) Jórg." 
by: Gaarder (1954): 14; Klement (1964): 358. 

Mentioned without illustration as “С. macroceros var. gallicum" by: Nel (1968). 
“С. macroceros f. gallicum (Kof.) Jórg." Halim (1963): 498, Fig. 27. 

C. macroceros subsp. gallicum (Kof.) Jorgensen (1911): 63, РІ. 7, Figs. 134, 135; 
(1920): 83, Fig. 77; Forti (1922): 64, Pl. 3, Fig. 48(— Jórgensen (1911) Fig. 134); 
Abé (1927): 429, Fig. 47A-D; Paulsen (1930): 87, Fig. 54A-C; Bohm (19315): 
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38, Fig. 35a; Steemann Nielsen (1934): 25, Fig. 59; Graham & Bronikowsky 
(1944): 37, Fig. 21B, D, E non С (= С. deflexum f. deflectomassum); Wood 
(1954): 311, Fig. 238b. 

Mentioned without illustration as С. macroceros subsp. gallicum by: Schroder 
(1911): 646; Bohm (1931а): 364; Pavillard (1931): 88; Steemann Nielsen (1939): 
14; Silva (1949): 360; (1956). 

С. macroceros “gallicum > macroceros” Sournia (1967): 464, Fig. 85. 

С. macroceros “macroceros—gallicum” Sournia (1966): 1982. 

С. gallicum Kofoid (1907b): 302, РІ. 24, Figs. 10-12. 

Mentioned without illustration as С. gallicum by: Wood (1963): 9. 

C. tripos macroceras var. crassa Karsten (1907): 411, e.p., РІ. 49, Fig. 27с, non 
a, e (= C. massiliense var. massiliense and yar. carriense). 

Mentioned with illustration as C. macroceros var. crassa by: Nel (1968). 

С. tripos macroceras var. tenuissima Karsten (1907): 411, Pl. 49, Fig. 28a-e. 
Mentioned without illustration as C. macroceros var. tenuissima by: Nel (1968). 
C. tripos scoticum Schütt (1892): 266, 302, e.p., Fig. 76 IVc non Fig. 91 IV 
(unidentifiable with certainty—Jórgensen (1911) considered it as possibly 
C. intermedium (Jórg.) Jórg. — C. tenue). 

Non C. tripos macroceras f. scotica: Schróder (1900): 15, Pl. 1, Fig. 17g (= С. 
massiliense var. massiliense). 

C. tripos: Bergh (1882): 204, e.p., РІ. 14, Fig. 27; Hensen (1887) p.p., РІ. 6, Fig. 
58; non C. tripos (Müller) Nitzsch. 

C. ostenfeldii Kofoid (1907b): 305, e.p., Pl. 26, Fig. 24, non 22, 23, 25 (— C. 
massiliense var. massiliense and var. carriense). 

C. hundhausenii: Pavillard (1931): 92, Pl. 3, Fig. 7; non C. hundhausenii Schróder 
(— C. massiliense var. carriense) 

? C. macroceros subsp. gallicum f. californiense (K of.) Jorgensen (1911): 64, PI. 7. 
Figs. 136, 137; (1920): 89, Fig. 80 (all solitary heteromorphs); Forti (1922): РІ. 
3, Fig. 49 (— Jórgensen Fig. 137). 

2 С. macroceros f. californiense: Halim (1960): 180, РІ. 5, Fig. 6 (solitary hetero- 
morph). 

? C. californiense Kofoid (1907b): 302, РІ. 23, Figs. 6-9; (1908a): 380, 269. 
Figs. 32, 33; Karsten (1907) РІ. 51, Fig. 15 (all solitary heteromorphs); РауШага 
(1931): 88, РІ. 3, Fig. 2 (long horned cell). 

9 Non C. macroceros var. hainanensis Nie (1936): 62, Fig. 28A, B (? = C 
deflexum f. sinensis Rein.). 


Diagnosis: In the specimens examined, C. macroceros differs from C. massiliense 
var. massiliense (Gour.) Kars. and most specimens of C. massiliense var. carriense 
. n ] 5 B c . à i ООРГО, 
(Gour.) Rein. in that the ratio т 5 = 0,90 (the single specimen of C. тас! — 
recorded from the Аршһав current in which this ratio was 0.83. differed from 
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C. massiliense in that the girdle diameter was 51 u); C. macroceros differs from 
the few specimens of var. carriense in which the ratio ü is > 0,90, but always — 
1,50, in that the right horn MRC is generally — 10^ and the sum of left and 
right horn МЕС? is generally > 257; С. macroceros differs further from those 
specimens of var. carriense іп which the ratio ii is > 1,10, in that the difference 
between the left horn radius co-ordinates of the tangent, parallel to the girdle, 
to the lower edge of the antapical horn and of the point of MBC is < 100 y, 
mostly — 50 и; (the three specimens of C. macroceros recorded in which the 
right horn MRC was < 10°, differed from var. carriense in that in the first, the 
ratio Б was 2,20, іп the second the sum of left and right horn МЕС” was 36° 
and in the third, girdle diameter was 54 и). 

C. macroceros differs from C. deflexum (Kof.) Jórg. in lacking a marked 
ventral deflexion of the antapical horns; in terms of polar co-ordinate measure- 
ments of two-dimensional camera lucida drawings, C. macroceros differs from 
C. deflexum f. deflexum in that the left horn MRC often occurs beyond the 75 u 
radius co-ordinate; those specimens of C. macroceros in which the left horn 
МЕС occurs before the 75 м radius co-ordinate, differ from most specimens of 
f. deflexum in that the left horn degree co-ordinate with the 105 м radius co- 
ordinate is < 150°, mostly < 145°; (the single specimen of C. macroceros, 
recorded from Oslo Fiord, in which this co-ordinate was 152° differed from 
f. deflexum in that the difference between left and right horn MBC degree 
co-ordinates was 7°); C. macroceros differs from those specimens of f. deflexum 
in which the left horn degree co-ordinate with the 105 u radius co-ordinate is 
< 150°, in that the right horn degree co-ordinate with the 105 м radius co- 
ordinate is < 115° and the difference between the left and right horn MBC 
degree co-ordinates is < 20°; (the two specimens recorded of C. macroceros 
in which this difference was > 20°, (Abé (1920) Fig. 47c and Karsten (1907) 
РІ. 49, Fig. 27c), differed from /. deflexum in that the left horn degree co-ordinate 
with the 105 и radius co-ordinate was << 135° and the right horn degree co- 
ordinate with the 105 м radius co-ordinate was < 100°). С. macroceros differs 


from C. deflexum f. deflectomassum Rein. in that the ratio 2 is > 0,90 and 


the difference between left and right horn MBC degree еее generally 
= 20"; C. macroceros differs from C. deflexum f. sinensis Rein. in that the dif- 
ference between left and right horn MBC degree co-ordinates is generally < 20° 
and the sum of left and right horn MRC'S is often < 45°; (the two specimens 
recorded of C. macroceros in which the difference between the left and right 
horn МВС degree co-ordinates was > 20°, differed from f. sinensis in that in 
the one, the sum of left and right horn МЕС was 31°, in the other the right 
horn MBC radius co-ordinate was < 60 м and the girdle diameter about 53 u). 
C. macroceros differs further from C. deflexum in that far coarser and more 
prominent denticles or spines may occur along the lower margins of the antapical 
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horns in the region of recurvature, than are ever found in C. deflexum, and the 
girdle is often incompletely developed on the right side. | 

С. macroceros generally differs from C. trichoceros (Ehb.) Kof. in that the 
left horn MBC degree co-ordinate is — 70^; the few specimens of C. macroceros 
in which this co-ordinate is — 65^, differ from the few specimens of C. trichoceros 
in which this co-ordinate is > 657, in that the girdle diameter is .- 55 и, while 
іп the specimens of C. trichoceros it is < 45 y. 

C. macroceros differs from C. tenue O. & S. in that the left horn degree 
c2-ordinate with the 15 и radius co-ordinate is — 70°. 


INTRODUCTION 

C. macroceros is one of the commonest and most widespread species of 
Section Macroceras and yet the overall picture of its variation and distribution 
is not complete. It has been confused with C. deflexum and this is discussed under 
that species. It exhibits a variation in form correlated with a variation in tem- 
perature. Previous authors have regarded the warm water form as a discrete 
taxon. Sournia (1966) treated it as a variety, var. gallicum (Kof.) Sournia. Peters 
(1932) was the first to refer to it as a variety, but apparently unintentionally, 
as "die var. gallicum Kofoid." Similarly, Schiller (1937) referred to “var, 
gallicum (Kofoid) Jörg.” and Halim (1963) to “f. gallicum (Kof.) Jörg.” 

Jórgensen (1911) considered “С. macroceros subsp. gallicum (Kof.) Jórg. to 
differ from subsp. macroceros in being somewhat smaller and more delicate, 
with the right side of the girdle frequently indistinct or incompletely formed, 
the thecal structure usually not apparent, sometimes distinct in older specimens 
but much less developed than in subsp. macroceros, the antapical horns initially 
less divergent, their recurvature almost angular and the angle made by the 
forward recurvature of the right horn more or less smaller than 90°, (being 
mostly 90? or a little larger in subsp. macroceros). Graham & Bronikowsky 
(1944) noted that the body was longer in forms from the cold North Atlantic. 
Jorgensen gave the girdle diameter of subsp. macroceros as 48-57 џ and of 
‘subsp. gallicum as 45-55 и, exceptionally up to 70 м. He commented: “there 
is no character by which these two forms can be absolutely separated". 

An examination of the range of form occurring in C. macroceros indicates 
that it is indeed impossible to divide this species into infraspecific taxa which 
are always distinct. 

The cold water form was originally described from the Baltic, the warm 
water form from off San Diego, California. In the Agulhas current NGY 
samples, with one exception, only specimens resembling Kofoid's iconotype 
were found, but with the girdle incompletely formed and invisible plate sutures. 
The exception was a recently divided specimen from station NGY 4] (tempera- 
ture from 50-0 m, 16,66-17,49"C, see p. 352), with a girdle diameter of 51 p, 
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Fic. 1. 
C. macroceros (Ehb.) Vanh.: Specimens from Agulhas current NGY stations. Girdle diameters: 
A 51 u, B 48 u, C 48y, D 40 p, E 45 p, F 45 u; A, recently divided specimen from station NG Y 
41 with thickened theca, thecal wall shown in optical section and surface view. 
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and a posterior half in which the theca was well developed with thickened walls 
and prominent spines supporting narrow lists along the lower margins of the 
antapical horns in the region of recurvature. (See Fig. 1). 

Specimens were also examined from an NIOE station further South, NIOE 
121 (407 02” S, 29^ 28” E, temperature from 100-0 m, 12,15-13,70 C, Shipley 
& Zoutendyk 1964) and from Oslo Fiord, (see Figs. 2 and 3). Relevant measure- 
ments of body size and antapical horn curvature of these specimens and of the 
iconotypes of Claparéde & Lachmann (1859) and Kofoid (1907b) are shown in 
Figure 4. 

In the Oslo specimens, the thecal wall is well developed with fairly coarse 
spines on the lower margins of the distal parts of the antapical horns, but the 
girdle is often incompletely formed on the right side; the left horn MRC occurs 
between the 60 and 105 џ radius co-ordinates and the antapical horns are re- 
curved forwards in a rounded curve, the girdle diameter is mostly 54-63 и 
and the ratio body length/girdle diameter is mostly greater than 1,20. In the 
NGY specimens, the thecal wall is more delicate, the antapical horns thinner, 
usually with minute spines in the region of recurvature, the left horn MRC occurs 
between the 30 and 60 и radius co-ordinates, and the antapical horns аге re- 
curved forwards in an angled curve; the girdle diameter is mosily 42-48 u and 
the length/breadth ratio does not exceed 1,20. There is no difference in the initial 
divergence of the antapical horns between specimens from the two localities. 
The angle made by the forward recurvature of the right horn usually approxi- 
mates a “rounded” right angle in the Oslo Fiord specimens, and an “angled” 
right angle in those from the Agulhas current. 

The NIOE specimens are in all respects intermediate in character between 
those from the Oslo Fiord and from the NGY Agulhas current samples, making 
it impossible to place the three groups of specimens in anything but the same 
taxon. 


DISTRIBUTION AND VARIATION AS DESCRIBED IN THE LITERATURE: Ocean currents 
and their seasonal variation complicate an investigation of the distribution of 
planktonic taxa which vary morphologically with temperature changes, but an 
examination of the literature indicates that the differences between the cold and 
warm water forms of C. macroceros, with regard to both morphological varia- 
tion and distribution with reference to temperature, are not clear cut, and that 
the species varies more than indicated in Jórgensen's description of 1911. 
Jörgensen gave the girdle of the cold water ‘subsp. macroceros' as 48-57 џ 
and mentioned that the diameter of the warm water ‘subsp. gallicun was 
exceptionally as much as 70 и. The available evidence indicates that larger 
diameters are found in specimens outside the tropics. Diameters in excess of 
60 u and up to 70 u have been recorded in specimens from the Atlantic and 
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Fic. 2. 
С. macroceros (Ehb.) Vanh.: Specimens from S.W. Indian Ocean station МОЈЕ 121. In В, 
thecal wall seen in surface view and optical section; scale line represents 50 u; ВІ and El, 
details of portion of left horn at a higher magnification, thecal wall shown in optical section. 
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Fic. 3. 
C. macroceros (Ehb.) Vanh.: Specimens from Oslo Fiord. In C, thecal wall seen in optical 
section and surface view; scale line represents 50 ш; СІ and ЕІ, details of portion of left horn 
at a higher magnification, thecal wall in optical section. 
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adjacent waters: from Oslo Fiord, the Shetland Isles (Vanhoeffen 1897*), near 
the Azores (under the name C. hundhausenii, Pavillard 1931“, treated as ‘var. 
gallicum by Schiller, 1937), from Vigo (Margalef & Duran 1953) and the 
Mediterranean (Paulsen 1930, Rampi 1939*). 

In the S. Atlantic, Peters reported both gigantic robust cells and delicate 
thin walled cells, the distribution of which showed no definite pattern. He found 
only robust forms in his “Transition area" (S. central Atlantic, between 37 апа 
45* S.). In the Indian ocean, two robust specimens, from an unspecified locality, 
presumably a cold water southern station, are depicted by Karsten (1907, РІ. 49, 
Figs. 27b and c, diameters estimated at 68 and 88 u). In the Pacific and adjacent 
waters, large specimens are recorded from Mutsu Bay (Abé 1927, diameter 
50-68 џи) and off San Diego (Kofoid 1907b, under the name C. ostenfeldii). 

The highest values of the ratio m in excess of 1,50, appear to be found in 
specimens from cooler waters, where, however, ratios of less than 1,00 are also 
recorded. 

Graham (1941), who considered that there were no truly temperate oceanic 
ceratia, described “С. macroceros subsp. macroceros’ as a subpolar taxon. This 
is misleading, for it implies a far greater difference between the cold and warm 
water forms of C. macroceros than exists. In fact, Sournia (1967) considered 
Graham & Bronikowsky’s specimen of ‘subsp. macroceros' from S.E. of Green- 
land (1944, Fig. 21F) to be intermediate between ‘var. macroceros’ and ‘var. 
gallicum’. 


Atlantic ocean: In the Atlantic there appears to be no discontinuity in the varia- 
tion, but a gradual change in appearance associated with a change in tempera- 
ture. Pavillard (1931) wrote of ‘subsp. gallicum: “Remplace le type dans le 
mers tempérés et chaudes, sans qu'il soit possible de tracer une démarcation 
territoriale absolue". Graham & Bronikowsky found, with two exceptions, 
that ‘subsp. macroceros’ was only recorded from Carnegie М. Atlantic stations 
North of latitude 40^, while Mangin recorded what he named as C. macroceros 
from 25-77^N. The three specimens he figures have the ratio т of about 1,80– 
1,86. Silva (Bay of Cascais, 1949) and Margalef & Duran (Vigo, 1953) found 
both what they considered to be ‘subsp. gallicum’ and ‘subsp. macroceros’ in 
Iberian Atlantic waters. One of the specimens depicted by Silva (l.c. Pl. 9, Fig. 11) 
resembles specimens from NIOE 121, except that the distal parts of the antapical 
horns are less spreading. Margalef & Duran gave the diameter of ‘subsp. galli- 
сит” (l.c. Fig 12с-е) as 45-53 и, and of the form “Quiza . . . corresponde al про 
de la especie" (І.с. Fig. 12a, b) as 54-70 д. The specimen in Fig. 12b is interme- 
diate in character between the specimens of Figs. 12a and 12c. 

Jörgensen (1911) published two figures of ‘subsp. macroceros’ from Bergen, 
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one of which (l.c. Fig. 133) agrees well with a figure of Bergh (1882), reproduced 
in Paulsen's “Peridiniales” (1908) as С. macroceros, the other with an incom- 
plete girdle, (l.c. Fig. 132a) is in many respects intermediate between Гір. 133 
and a figure of a specimen of ‘subsp. gallicunr from the Azores (he. Fig. 135). 
The only figure of a specimen from the S. Atlantic appears to be that of 
Peters (1932), from a station off Cape Town, with an incomplete girdle. which 
resembles Kofoid’s iconotype, but which Peters did not appear to recognise as 
such, describing it as a fairly distinctive form of C. macroceros characteristic of 
his *Agulhas area", although һе had commented: “In dem Expeditionsgebict 
wurde überweigend die var. gallicum Kofoid angetroffen; nur im Süden Ж. 
(between about 35 and 455)... wurden vornehmlich der Hauptform ähnliche 
Vertreter gefangen." He commented on the great variability of the species. and 
found it to be absent from his “Falkland area". 
Mediterranean: Jórgensen (1920) considered that only ‘subsp. eallicum was 
present in the Mediterranean. Pavillard (1907) had, however, written of speci- 
mens from the Gulf of Lyons: “parfaitement identiques au dessin classiques de 
Bergh". Forti (1922) reported specimens somewhat similar to Jórgensen's 
Fig. 132, and Böhm (19312) noted that in the Adriatic ‘subsp. gallicum “паһегі 
sich oft betrachtlich der Hauptart". Paulsen (1930) found forms of ‘subsp. 
gallicum’ with incomplete girdles and more robust forms with complete girdles 
in the Alboran Sea. In his figure of the latter, which Sournia (1967) considered 
to be intermediate between ‘var. gallicum’ and ‘var. macroceros’, the forward 
recurvature of the antapical horns is not angled. Rampi (1939) published a poor 
figure of ‘var. gallicum (Kof.) Jorg.’ in which the girdle is complete, the forward 
recurvature of the antapical horns rounded, and the estimated diameter about 
63 u. The Travers (1962), in their account of the phytoplankton of the Gulf of 
Marseille, listed the species as C. macroceros, not differentiating ‘var. gallicum 
(Kof.) Jórg.". 
Indian Ocean and Australian Waters: Wood (1954) recorded both ‘subsp. ma- 
croceros’ and ‘subsp. gallicum from Australian waters, but his concept of the 
former appears to be confused, for the specimen illustrated has the ratio 
n — 0,80 (and is probably a specimen of C. massiliense), and he described its 


FiG. 4A, B. | 
С. macroceros (Ehb.) Уапһ.: А comparison of antapical horn curvature measured in polar 


co-ordinates, diameter and the ratio +> in specimens from Oslo Fiord (X), S.W. Indian Ocean 


station NIOE 121 (Y) and Agulhas current NGY samples (Z). LH’C Іей horn deges co- 
ordinate, RC or R.C. = radius co-ordinate, L.H. and R.H. = left and right horns = —- length 


of body measured from base of outer edge of left horn to base of apical horn/girdle diameter. 

For other abbreviations, see text. The triangle above the X histograms indicates the measure- 

ments for the specimen in Claparéde & Lachmann’s iconotype, (enlarged assuming a girdle 

diameter of 57 м), the triangles with the Z histograms indicate the measurements of the speci- 
mens in Kofoid's iconotype. The isolated black bar indicates one specimen. 
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distribution as “. . . Rarer in tropical waters, where it is replaced by C. gallicum”. 
In his Indian Ocean Checklist (1963), he treated C. gallicum as a separate species 
and it is unlikely that his records for C. macroceros refer to the cold water form, 
for they are all from relatively warm waters, and some, eg. Ballantine (1961), 
refer wholely or in part to other species. The variation of C. macroceros in the 
S.W. Indian ocean as far South as latitude 40^, has been discussed. The only 
other records of forms from the Indian Ocean resembling cold water N. Atlantic 
forms, are the previously mentioned robust specimens depicted by Karsten 
(1907, РІ. 49, Figs. 27b and с). Steemann Nielsen recorded only ‘subsp. gallicum' 
in the Dana Indian ocean samples, but these did not extend South of latitude 
36^. He described this taxon as “опе of the most frequent ceratia, interoceanic, 
tropical-subtropical euphotic". 

Pacific Ocean and East Asian waters: The only specimen of C. macroceros 
depicted in the literature from this area, which resembles Claparéde & Lach- 
mann's iconotype of the cold water form of C. macroceros, is that of Wang 
(1936) from the Gulf of Pé Hai (Gulf of Chili). Wang gives a diameter range of 
43-48 u, which is lower than given by Jörgensen, but in the specimen illustrated, 
the girdle is completely formed, the thecal wall is thickened with ridges, the anta- 
pical horns are coarsely toothed and recurved forwards a in rounded curve, the 
ratio body length/breadth is about 1,24 and the ratio + about 1,93. Sournia 
(1967), however, considered this to be intermediate between ‘var. gallicum' and 
‘var. macroceros’. Böhm (1931b) recorded C. macroceros from off the Eastern 
coast of Asia as “rather uncommon as subsp. gallcium" from a few stations South 
of latitude 257. The specimen illustrated has a complete girdle and resembles 
Paulsen's Fig. 54A from the Mediterranean. 

Specimens from Mutsu Bay, Japan, exhibiting a considerable range of 
variation are depicted by Abé (1927). Thecal structure is not shown, the girdle 
is mostly incomplete, diameter varies from 50-68 и, the ratio body length/ 
breadth is about 1,16-1,21, the ratio F about 1,08-1,50 and the spread of the 
antapical horns is very variable. Forms with spreading horns, which most 
resemble Kofoid's iconotypes in horn curvature, were named С. macroceros, 
those with less spreading horns, the curvature of which in some instances re- 
sembled specimens referred to by other authors as “subsp. macroceros’, were 
named ‘subsp. gallicum', and a form with a swollen body was named “С. та- 
croceros var. karstenii', which Abé considered to be the same as Karsten’s 
“С. tripos var. crassa (1907, Pl. 49, Fig. 27e), here treated as C. massiliense. 
Sournia (1967) considered the specimens referred to by Abé as C. macroceros 
to be intermediate between ‘var. gallicum' and ‘var. macroceros’. 

Steemann Nielsen (1934) recorded only ‘subsp. gallicum’ from the Dana 
S. Pacific stations, where it was not observed in cold waters S.E. of New Zealand 
and in truly neritic stations. He noted a slight tendency for the diameter to 
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increase with a decrease in temperature. For example, at a station with a surface 
temperature of 26,9°C, only diameters of 42-45 p were recorded, while at a 
station with a surface temperature of 21,0^C, diameters of 46-55 м were re- 
corded. 

Graham & Bronikowsky (1944) recorded only ‘subsp. gallicum from the 
N. Pacific Carnegie stations, where the N. limits were between latitudes 3% 
and 42°. They considered the absence of ‘subsp. macroceros’ from the cold 
N. Pacific as indicative of the hydrological isolation of this part of the ocean. 
This again suggests a far greater difference between the cold and warm water 
forms of C. macroceros than is evident. They also noted that at most of the cold 
N. Pacific stations, the phosphate content of the water was generally above 
100 mg PO,/m?, while in the cold N. Atlantic samples where ‘subsp. macroceros" 
was found, the phosphate content was mostly below 50 mg/m?, and further. 
that ‘subsp. gallicum’ was absent off Peru, where again the phosphate content 
was high. This factor appears to be more significant than they indicated. They 
considered that in the cold S. Pacific (the Southernmost Carnegie station being 
at about latitude 40°) “the species assumed the aspect of subsp. macroceros", 
but the specimen figured (l.c. Fig. 21C) most resembles C. deflexum f. deflecto- 
massum—tt has the ratio = about 0,56. 

Hasle (1969) recorded C. macroceros from the Pacific Southern Ocean, but 
made no mention of its appearance. 

The foregoing shows that, while the extreme warm and cold water forms of 
C. macroceros are recognisable, the presence of a continuous series of inter- 
mediates makes it impossible to divide the species into definable supspecific 
categories of even the lowest rank, and accordingly the infraspecific taxa of 
C. macroceros are discarded. 

Culture experiments on the effects of phosphates and of temperature on 
forms from cold and warm waters would be of great interest. Also, more records 
of occurrence and variation of the species in cold Southern waters are needed. 


Description 

Thecal ornamentation: 'The girdle is often incompletely formed on the right 
side: seen dorsally, about halfway across the upper and lower girdle lists become 
smaller, so that on the right side they are reduced to ridges or are altogether 
absent, or only the upper list is present as a ridge; seen ventrally, on the right 
side of the sulcus the girdle is absent or very faintly indicated. Incomplete girdle 
development is more usually found in truly warm water specimens, and was the 
case in all Agulhas current specimens seen, but it is sometimes seen in specimens 
from cooler waters. In warm water specimens, the thecal walls are delicate and 
unridged, the antapical horns are slender and smooth, or with fine minute spines 
along the lower margins of the proximal parts; а single smooth margined to 
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slightly serrated list is present between the base of the left and horn and the 
hypotheca, extending about two thirds of the way across the hypotheca base. 
In cold water forms, the theca is thickened and ridged, and the antapical horns 
are thicker with coarser spines, which sometimes support a narrow list. 
Horn length and disposition: Cold water specimens are often found with broken 
(or autotomised 7) antapical horns, as was the case in those seen from Oslo 
Fiord and station NIOE 121, where in most specimens the horns only extended 
to the 105 radius co-ordinate, and in no instance beyond the 225 u co-ordinate. 
In some of the Agulhas current NGY specimens, the antapical horns were long 
with tapered, rounded, sometimes slightly inflated, tips; in others, the horns 
were short, not exceeding the 105 » radius co-ordinate, with rounded truncate, 
abruptly truncate, in two instances slightly inflated, tips. In specimens with short 
horns with rounded tips it was not possible to determine whether the horns 
were short ab initio or whether they were broken or autotomised. Spread of 
antapical horns is variable, regardless of temperature, but truly cold water 
forms have not been recorded with as great a spread as sometimes seen in those 
from warm waters, and in cold water specimens the recurved distal part may lie 
roughly parallel to the apical horn. When the antapical horns are long, the ends 
appear to be slightly flexible, sometimes curving outwards. The bases of both 
antapical horns make an obvious angle with the base of the hypotheca. In 
typical warm water specimens, the forward recurvature of the more slender 
antapical horns is generally “angled”, while in typical cold water specimens 
with thicker horns, it is “rounded”. | 

Jórgensen (1911) wrote of the cold water “subsp. macroceros’ that the right 
horn was “‘stark ventral gerichtet". This was not observed in specimens examined 
under the microscope, nor shown by Абе (l.c. Fig. 478) in figures of apical and 
antapical views. 

Mangin (1912) depicted a specimen in which the distal part of the apical 
horn was inflated. 
Polar co-ordinate measurements of horn curvature: Left horn: degree co-ordinate 
with 15 p radius co-ordinate 27-60^, mostly 35-507, not recorded above 50° 
in truly warm water forms; degree co-ordinate with 105 м. radius co-ordinate 
variable, 88-152^, mostly 105-145^; with 150 м, 106-173^; with 300 u, 128-1972 
in the few specimens seen with long horns; MBC degree co-ordinate 45-682, 
mostly 50-60°; MBC radius co-ordinate 27-69 и, mostly 30-60 и, generally 
< 38 шіп typical warm water forms and > 38 џ in typical cold water forms and 
in the specimens with larger diameters figured by Paulsen (Alboran Sea, Medi- 
terranean) and Abé (Mutsu Bay, Japan); МЕС 10-357, mostly 15—30°, occurring 
between 30 and 105 y radius co-ordinates, (between 120 and 135 p in Karsten's 
specimen, РІ. 49, Fig. 27c), generally before the 60 м co-ordinate in typical warm 
water forms and beyond it in typical cold water forms, (between 30 and 75 u 
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in Abé's specimens, and between 60 and 75 шіп those of Paulsen): => 0,90 1.80 
(as much as 2,18 In à specimen figured by Karsten (1907) РІ. 49, Fig, 283); Ë 
0,90-2,22 (0,83 in only one instance), generally not exceeding 1,30 in warm M 
specimens (1,08-1,55 in Abé’s figures, 1,66 in Paulsen's Fig. 58C). Right horn: 
degree co-ordinate with 15 и radius co-ordinate 17-45 , (zero in Karsten's P. 
49, Fig. 27c), mostly 17-37%. generally less than in the left horn by up to 32 
(52^ in Karsten's Fig. 27c), mostly by 1–25", sometimes greater than in the left 
horn by up to 10°; degree co-ordinate with 105 » radius co-ordinate variable, 
72-114°, mostly 80-110^; with 300 м, 94-124" in the few specimens seen with 
long horns; MBC degree co-ordinate 33-62%, mostly 40-55, less than in the left 
horn by up to 25? (30? in Karsten's Fig. 27c), mostly by 1—15, sometimes 
greater than in the left horn by up to 5°; MBC radius co-ordinate 26 83 ji 
mostly — 42 и in typical warm water forms and > 42 шіп typical cold water 
forms (also in the specimens figured by Abé and Paulsen): less than in the left 
horn by up to 20 u, mostly by up to 5 џ, or greater than in the left horn by up 
to 32 u, mostly by up to 15 џ; MRC is 9-41", mostly > 20° in typical warm 
water forms and < 23° in cold water forms (and the specimens figured by Abé 
and Paulsen); MRC occurs between 30 and 120 y. radius co-ordinates (between 
15 and 30 џ in one small-diametered form), mostly between 30 and 45 шіп 
typical warm water forms, and beyond 45 шіп cold water forms (between 30 
and 75 шіп Abé’s specimens, and 45 and 75 p in those of Paulsen): F 0,96 -4.55, 
mostly 1,25-2,50; sum of right and left horn MRC's 23-69 “по у 25 2559 
(See Fig. 5.) 

Dimensions: In specimens examined: From Oslo Fiord: girdle diameter 48 -63 џ, 
mostly 54-63 и; length hypotheca 30-42 м; length epitheca 24-33 и; angle made 
by intersection of projections of base of hypotheca and girdle 23-35 ; length 
apical horn 168-294 и. From NIOE station 121: girdle diameter 48—54 n: length 
hypotheca 27-33 u; length epitheca 18-27 и; angle between hypotheca base and 
girdle 25-33^; length apical horn 228-300 и. From Agulhas current NGY 
stations: girdle diameter 42-51 и, mostly 42-48 м; length hypotheca 24-30 ni 
length epitheca 15-24 u; angle between base of hypotheca and girdle 21-35; 
length apical horn 138-525 p. From literature: Girdle diameter: cold water forms 
48-57 u, warm water forms, including Mediterranean 45-55 p, exceptionally up 
to 70 p, (Jörgensen 1911); from Mediterranean, 58, 65 u (Paulsen 1930); from 
off Vigo, Spanish Atlantic coast, 45-70 u (Margalef & Duran 1953); S. Pacific 
42-55 u (Steemann Nielsen 1934); off San Diego 50-60 u (Kofoid 19075): Mutsu 
Bay, Japan 50-68 u (Abé 1927); Gulf of Ре Hai (Gulf of Chili), China 43-48 и 
(Wang 1936); Indian ocean, localities unknown, 65-68 и (Karsten 1907)*. 88 А 
(Karsten 1907, РІ. 49, Fig. 27c)*; Shetland Isles 68 u (Vanhoeffen 1897)* off 


* Estimated from scale of figures. 
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Fic. 5A-D. 
C. macroceros (Ehb.) Vanh.: Antapical horn curvature in specimens from Oslo Fiord Norway, 
S.W. Indian ocean station NIOE 121, and Agulhas current NGY stations. A, curvature of left 
horn expressed in polar co-ordinates, that is, in degrees at intervals of 5 R.U. from 5 to 50 
R.U., and at intervals of 10 R.U. from 50 to 100 R.U., (R.U. = radius unit, one radius unit 
is approximately equal to 3 и); the symbols represent the mean degree co-ordinate value at 
successive 5 or 10 R.U. intervals for all specimens examined, the space between the thick 
transverse lines and the symbols indicates the Standard Deviation for each set of measurements, 
and the thick transverse lines indicate the range of measurements recorded beyond the limits 
of the S.D., or, where the S.D. was not calculated, the range of measurements recorded; 
where no measurements are recorded beyond the S.D., the S.D. is indicated by a dotted line; 
B, the same for the right horn; C, the rate of change of direction of curvature of the left horn, 
expressed in degrees over 5 R.U., from 5-10 to 55-60 R.U.; the symbols represent the mean 
rate of change in degrees over 5 R.U. for all specimens examined; D, the same for the right 
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Greenland 57 » (Graham & Bronikowsky 1944)*. Length apical horn 270-400 y 
(Jórgensen 1911). 

The foregoing measurements do not apply to heteromorphic cells apparently 
belonging to this species, nor specimens referred to as 'C. californiense K of. 


THE PROBLEM ОЕ “С. californiense’ КОЕ. AND HETEROMORPHIC FORMS OF SECTION 


MACROCERAS 

The occurrence of heteromorphic cells in Ceratium has been mentioned 
(Reinecke 1971). In Section Macroceras there appear to be four records of 
heteromorphic cells which may be identified with certainty as belonging to 
specific taxa. 

In the first case, small heteromorphic cells appeared in a single cell culture 
of normal vegetative C. tenuet (Von Stosch 1964). The heteromorph was about 
one third of the girdle diameter of the normal vegetative cell, with a short apical 
horn. its length not much longer than that of the body, and straight, backwardly 
directed, short antapical horns, shorter than the girdle diameter, with closed 
rounded-tapered tips. In one instance a heteromorph was observed to undergo 
what appeared to be conjugation with a larger cell of normal vegetative appear- 
ance. 

The second case (Steidinger & Williams 1970, Figs. 36c, d) is a record of a 
specimen (l.c. Fig. 36c) described as a "daughter cell” of a normal C. trichoceros 
cell (Lc. Fig. 36d). Тһе heteromorph is 35 шіп diameter, with a long apical horn, 
about three times the length of the body, with antapical horns similar to those 
of the C. tenue heteromorph, and the right side of the body straight, almost 
truncated, in appearance. 

The remaining two cases are two figures of two-celled chains of C. macro- 
ceros, (Jórgensen 1911, Fig. 6, from near Bergen, and Peters, fide Schiller 1937, 
Fig. 468b, locality not given). The anterior cell is the heteromorph, the posterior 
cell a typical vegetative cell. In all cells, the girdles are fully formed and the 
diameter of both cells in each chain is the same. Apparently, following the 
division of a normal vegetative cell, the parental anterior half has produced a 
daughter posterior half with short, backwardly directed straight horns in 
Jórgensen's specimen, and slightly longer, backwardly directed, but divergent, 
horns in that of Peters. In the heteromorphs, the tips of the antapical horns are 


tapered, almost pointed and closed, and in Jórgensen's specimen, the right side 
of the body 15 straight. The question of the nature of these heteromorphs 15 


unsolved. Do the antapical horns continue growing, and eventually recurve 
forwards as is the case in typical members of Section Macroceras ? 


* Estimated from scale of figures. 
T Referred to as C. horridum (Cl.) Gran by Reinecke (1971). 
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If the antapical horns of the anterior cell in Peters’ chain were to continue 
growing and eventually recurve forwards, the ratio NS would be greater than 
that recorded for normal vegetative C. macroceros cells. Schiller (І.с. Fig. 468c) 
gives a second figure of Peters of a solitary heteromorph, with longer antapical 
horns with closed pointed ends, which are divergent and slightly curved, but 
show no recurvature forwards. Jórgensen (1911 Fig. 136) depicts a solitary 
heteromorph, from the Gibralter Straits, with similar slightly shorter antapical 
horns, the left one showing the beginning of a forward recurvature, which would 
give an estimated 9 of about 2,73. Halim (1963) figures in which a specimen 
both antapical horns have a forward recurvature, the left horn extending to just 
beyond the 90" co-ordinate, the right to just beyond the point of МВС; the horn 
tips are pointed and closed, the ratio 190 is about 2,00, the right horn МВС 
radius co-ordinate is about twice that of the left horn and the right side of the 
body is truncated. 

Kofoid (1907b) published a new species C. californiense from off San Diego. 
illustrating three specimens, with complete girdles. In the first, (l.c. Pl. 23, Figs. 
8,9), the apical horns are long, the right side of the body is truncated, the girdle 
diameter is about 35 и, the antapical horns show a forward recurvature which 
does not reach the 90° co-ordinate, and the tips of the antapical horns are 
pointed and closed. A difference in thickness of the thecal wall at the base of 
all three horns indicated, according to Kofoid (1908a): “proximal growth . . . 
without preceding autotomy". The two other specimens (l.c. Figs. 6,7) have a 
diameter of about 45 u short apical horns, a rounded right body profile, and 
short antapical horns with closed tapered tips, not exceeding the length of the 
girdle diameter, which are divergent and curve slightly. Whether or not all four 
specimens belong to the same species is debatable. 

Pavillard (1931) depicted a specimen from off Portugal, which he named 
C. californiense, in which the girdle is apparently complete, the girdle diameter 
about 43 м, the MBC radius co-ordinates long relative to the girdle diameter. 
the antapical horns are recurved forwards to a level beyond in of the 
epitheca and are shown with truncated open ends, and the ratio ^5- 15 about 
2,33. A similar specimen from off Monaco is figured by Jórgensen (1911). but 
the antapical horns are shown, with open truncate tips, extending to about the 
point of МВС. Jórgensen considered С. californiense to be the front cell of a 
heteromorphic chain of C. macroceros, as all the heteromorphs he examined 
had newly formed posterior halves, which he termed “Т. postico-juvenile E and 
named them “С. gallicum f. californiense" in the key to the figures. РауШаға, 
however, wrote of C. californiense: "constitue surement une especie autonome 
BU 1007. 51, Fig. 15, under the name C. californiense. girdle gasa 
estimated at 52 u) and Jorgensen (1920, Fig. 80, under the name С. macroceros 
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Heteromorphs of species of Ceratium found in samples from the Port Elizabeth line of NGY 
Agulhas current stations, (12 heteromorphs in 3 200 ceratium cells examined). Girdle diameters: 
А 45 и, B 45 u, С 33 u, D 36 p, E 39 u, F 37 p, G 27 p, H 28 u, J 23 p, K 23 p, L 23 u, M 
33 u. A and B resemble to some extent, specimens referred to as “С. macroceros' or “С. gallicum 
f. californiense’ by Schiller (1937) and Jorgensen (1911); C could be an unusually small form 
of C. macroceros; E and F, particularly E, resemble the heteromorph of C. trichoceros pictured 
by Steidinger & Williams (1970); G and H resemble to some extent the putative male gamete 
observed in a culture of C. tenue by Von Stosch (1964); M and N are ventral and dorsal views 
of the same specimen. 
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subsp. gallicum f. californiense, diameter estimated at 57 p, and Fig. 92, under 
the name “С. (horridum subsp.) buceros Zach. a degenerate form answering to 
f. californiense (Kof.) of C. macroceros subsp. gallicum”, diameter unknown) 
published figures of specimens with short slightly curved antapical horns similar 
to Kofoid's Figs. 6 and 7. In Jórgensen's specimens, the right profile of the body 
is truncated. For some unstated reason, Jórgensen considered Karsten's figure 
to belong to C. deflexum. The small spines along the lower edges of the antapical 
horns are, however, not typical of C. deflexum. 

In the Agulhas current samples, a number of heteromorphs were seen, some 
of which resembled the small heteromorph of C. tenue recorded by Von Stosch, 
others the heteromorph of C. trichoceros photographed by Steidinger & Williams, 
one which resembled Jórgensen's Fig. 80, with a girdle diameter of 45 p. and 
one in which the right horn was very short and the left horn was longer and 
recurved forwards to just beyond the 90° co-ordinate. In the latter, the diameter 
is 45 м, the right side of the body truncated, the tips of the antapical horns 
pointed and closed, the ratios ке 2,02 апа + 1,78 and the left horn MRC 8'. 
all outside the range of polar co-ordinate measurements recorded for specimens 
of C. macroceros from this area. This specimen cannot be regarded as belonging 
to C. trichoceros because the left horn MRC occurs between the 60 and 90 u 
radius co-ordinates (over two successive 15 и intervals) and the left horn МВС 
degree co-ordinate is 62^. (See Fig. 6.) 

At this stage it is quite impossible to classify these heteromorphs unless they 
arise in single cell cultures of normal vegetative cells or are associated in chains 
with normal cells. Circumstantial evidence certainly suggests that for some 
reason, normal C. macroceros cells sometimes divide into two cells, of which 
the one with the parental anterior half produces a new posterior half with anta- 
pical horns, which, if fully developed, have for the BE of the cell, somewhat 
longer MBC radius co-ordinates and a higher ratio 55- ( - 2,00) than normally 
found; the antapical horns are, however, often seen as short, straight and 
backwardly directed, or only slightly curved, with closed pointed tips. 

Experiments to determine conditions under which heteromorphs are formed. 
their variation and whether or not they are involved in sexual reproduction 
would be very desirable. 

It is of interest to note that Jórgensen (1920) found the heteromorph of 
Fig. 80 in the Sea of Marmora, apparently associated with conditions of low 


salinity. 


Ceratium deflexum (Kofoid) Jórgensen (1911): 64, РІ. 7, Fig. 138. | а 

Diagnosis: C. deflexum generally differs from all other taxa in this S M 
in exhibiting a ventral deflection of the antapical horns. In terms of p» Т A 
ordinate measurements of two dimensional camera lucida drawings of the 
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specimens examined, C. deflexum f. deflexum and C. deflexum f. deflectomassum 
Rein. differ from C. trichoceros (Ehb.) Kof. in that the left horn MRC occurs 
before the 75 и radius co-ordinate; C. deflexum f. sinensis Rein. differs from 
C. trichoceros in that the right horn МВС degree co-ordinate is — 40". 

C. deflexum differs from C. massiliense (Gour.) Kars. in that the sum of the 
left and right horn MRC's is > 40^; (f. deflexum and f. deflectomassum differ 
from the single specimen of C. massiliense var. carriense (Gour.) Rein. recorded 
in which the sum of left and right horn MRC's is > 40" (Jórgensen (1911) 
Fig. 150a) in that the left horn degree co-ordinate with the 150 z radius co- 
ordinate is >> 1357; f. sinensis differs from this specimen in that the right horn 
MBC radius co-ordinate is > 60 и). 

F. deflexum differs from a number of specimens of C. macroceros (Ehb.) 
Vanh. in that the left horn MRC occurs before the 75 м radius co-ordinate; 
f. deflexum differs from those specimens of C. macroceros in which the left horn 
MRC occurs before the 75 и radius co-ordinate in that the left horn degree 
co-ordinate with the 105 и radius co-ordinate is generally > 150°; (f. deflexum 
differs from the single specimen of C. macroceros in which this co-ordinate 
was 152° in that the difference between left and right horn MBC degree co- 
ordinates is > 15°); specimens of f. deflexum in which the left horn degree 
co-ordinate with the 105 м radius co-ordinate 15 < 150 °, differ from С. macro- 
ceros in that the difference between left and right horn MBC degree co-ordinates 
is > 20° and/or the right horn degree co-ordinate with the 105 p radius co- 
ordinate is > 115°; (7. deflexum differs from the two specimens of С. macroceros 
in which the difference between left and right horn MBC degree co-ordinates 
was > 20°, in that the degree co-ordinate with the 105 и radius co-ordinate is 
> 135° in the left horn and > 100° in the right). Ғ. deflectomassum differs from 
C. macroceros in that the ratio IA is — 0,90, the left horn degree co-ordinate 
with the 105 м radius co-ordinate is > 135°, the difference between left and right 
horn MBC degree co-ordinates is — 20^ and the ratio + Is generally << 0.90. 
F. sinensis differs from С. macroceros in that the difference between left and right 
horn MBC degree co-ordinates is — 20^ and the sum of left and right horn 
MRC's is > 45° and the right horn MBC radius co-ordinate is > 60 д. C. 
deflexum differs further from C. macroceros in that the antapical horns are never 
ornamented with prominent spines and lists and the girdle is always fully 
developed. 

C. deflexum differs from C. tenue O. & S. in that the right horn degree 
co-ordinate with the 15 џ radius co-ordinate is < 40°. 


Ventral deflection of antapical horns: The character used by Kofoid to distinguish 
his new taxon was the "marked" ventral deflection of the antapical horns. As 
the antapical horns leave the body, they are directed posteriorly and ventrally, 
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so that the recurved distal parts do not lie in the same plane as the body and 
apical horn. Kofoid found this deflection sometimes in excess of one girdle 
diameter. 

In the Agulhas current NGY specimens it was variable, and sometimes not 
very marked, when the specimens could have been confused with С. massiliense 
var. massiliense or C. macroceros in its cold water form. Indeed, Karsten 
(1907) included specimens of all three taxa under the name С. tripos macroceras. 
Jórgensen (1911) commented that C. deflexum was often confused with C. 
macroceros, but Graham & Bronikowsky (1944) wrote that, once seen, C. 
deflexum was easily recognised. 

The ventral deflection of the antapical horns is difficult to measure accurately 
under the microscope with a graduated fine adjustment screw, because of back- 
lash. It was investigated in 13 NGY specimens, by measuring the difference 
recorded on the fine adjustment screw when first focussing on the base of the 
apical horn and then on portions of the antapical horns at the same level, when 
the specimen was seen in full dorsal or ventral view. Differences recorded varied 
from 5 to 50 units, and the ventral deflection was roughly the same for left and 
right horns. 


Discussion of some specimens in the literature: C. deflexum was originally 
described as a subspecies of C. macroceros, when ‘subsp. macroceros was 
generally regarded as a cold water taxon. There are illustrated records of 
specimens named C. macroceros from South of latitude 30° N., which, from 
their antapical horn polar co-ordinate measurements, resemble C. deflexum 
rather than C. macroceros, but obviously do not have a marked ventral deflection 
of the antapical horns. They are those of Ostenfeld & Schmidt (1901) from the 
Red Sea and Gulf of Aden and Klement (1964) from the Gulf of California. 
They are treated here as specimens of C. deflexum. 

Peters (1932) investigating the ceratia of the S. Atlantic, incorporated 
C. deflexum in C. massiliense because of the presence of many transitional 
forms, but published no figures or descriptions. Graham & Bronikowsky, after 
studying the ceratia of the N. Atlantic, concluded that Peters had been dealing 
with C. deflexum-like variants of C. massiliense. The specimen they illustrate 
(l.c. Fig. 22H) is regarded here as belonging to C. deflexum f. deflectomassum. 

The problem taxon C. macroceros var. hainanensis Nie (1936) is now dis- 
cussed. It was cited by Sournia (1967) as a synonym of “С. macroceros var. 
macroceros’. It was described from Hainan, where individuals were frequently 
observed from Shin-tsuen. Nie made no comment on any ventral deflection of 
the antapical horns, describing the thecal walls as less robust than in the type. 
with a list generally present in the angle between the base of the hypotheca and 
left horn; the girdle is completely formed, girdle diameter is 64-70 u and the 
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antapical horns are depicted as smooth. Nie also recorded C. deflexum, describ- 
ing the ventral deflection of the antapical horns as “marked” and giving a girdle 
diameter of 57-62 u. The antapical horn polar co-ordinates of Nie's figures of 
var. hainanensis resemble those of figures of some specimens described by Bóhm 
(1931b) as C. deflexum. Working on samples from the S. W. Monsoon current, 
Bóhm found C. deflexum in stations just to the West and South of Hainan. He 
observed two forms, one with a diameter of 50-60 и and short MBC radius co- 
ordinates, with the left horn MRC occurring before the 75 u radius co-ordinate, 
the other with a diameter of 60-68 u, longer MBC radius co-ordinates and the left 
horn MRC generally occurring beyond the 75 и radius co-ordinate. Bóhm made 
no comment on ventral deflection of the antapical horns. In the same area, he 
found C. macroceros to be “rather uncommon as subsp. gallicum” in samples 
from South of 20^N. It is the large forms of C. deflexum depicted by Bóhm 
which var. hainanensis resembles. The latter is also similar to specimens illustra- 
ted by Karsten, (1907, Pl. 51, Fig. 11a, b, classified by Jórgensen (1911) as C. 
deflexum), from an unnamed locality, presumably a station in the East Indies, 
under the name C. fripos macroceras. 

C. deflexum is also recorded from the S. China Sea by Steemann Nielsen 
(1939) and appears to have been illustrated by Okamura (1907) from off the 
coast of Japan as “С. macroceras f.?” for the figure shows what looks like 
antapical horn deflection (l.c. Fig. 20a). 

The East coast of China and Indo China is affected by the warm S.W. 
monsoon current in summer and the cold N.E. monsoon current in winter, 
which could cause a variation in the appearance of specimens of C. macroceros 
in the area, but none of the figures of C. macroceros from these waters depicted 
in the literature resembles Nie's figures of var. hainanensis. Accordingly, it is 
treated provisionally as belonging to C. deflexum, representing specimens in 
which the ventral deflection of the antapical horns is not very marked. 


General description: Horn disposition and length: Antapical horns slightly to 
markedly ventrally deflected; initially both horns directed backwards and then 
recurved anteriorly, usually fairly abruptly; distal parts lie parallel to, to some- 
what diverging from, the apical horn, not in the same plane as it or the body; 
base of left horn makes an indistinct to an obvious angle with base of hypo- 
theca. Antapical horns often found broken (or autotomised?) at level of mid 
apical horn length, or with closed rounded tips extending to level of two thirds 
of apical horn length; (Nie, 1936, depicts a specimen in which antapical horns 
are long, the distal parts slightly undulating, and extend beyond a shortish apical 
horn). Length of apical horn in NGY specimens: 177-420ш (in one case 60 y, 
could have been broken); from literature: 210-425 u (Jörgensen 1911), 100-450 ш 
(Nie 1936). Thecal ornamentation: Girdle always fully developed; thecal wall 
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generally unmarked, very occasionally thickened with slight ridges: apart from 
left sulcal list, list usually present in angle between base of left horn and hypo- 
theca, extending along hypotheca base for up to two thirds of length of base: 
list margin usually smooth, rarely unevenly serrated: occasionally a third narrow 
list present along base of sulcus; apical horn smooth; antapical horns smooth 
or, rarely, with minute spines along lower edges in region of recurvature, which 
may support an insignificant list. (See Figs. 7, 8.) 

Distribution: The distribution of f. deflexum and f. deflectomassum at the 
NGY Agulhas current stations is shown in Tables 1 and 2. 

Sournia (1967) suggested that the records of C. deflexum were sparse because 
of its confusion with C. macroceros. Nielsen (1934) desrcibed C. deflexum 
(sensu stricto) in the S. Pacific as a typical surface species, from oceanic and 
neritic waters, rare in truly oceanic waters, and in the Indian Ocean (1939), as 
very frequent in both neritic and oceanic waters. Graham & Bronikowsky 
(1944) said it was an intolerant, (closely restricted to regions with surface 
temperatures of 19°C or more), tropical surface species, with an apparent 
preference for eutrophic water, for in the Carnegie Pacific samples, the greatest 
numbers were recorded from stations where the phosphate content was above 
25 mg. PO,/m?. 

F. deflexum appears to be confined to the Pacific and Indian oceans; f. 
deflectomassum is recorded from all oceans and f. sinensis has to date only been 
recorded from the Indian ocean, probably in the vicinity of the East Indies, 
(the exact locality of Karsten's specimens is uncertain), and the S. China Sea. 

Records of any forms of C. deflexum from the Mediterranean are not proven. 
It was not recorded by Jórgensen (1920) and there are only two unillustrated 
records: Pavillard (1937: 9) listed C. deflexum in phytoplankton records for 
the Monaco Sea, but wrote “identifications doubtful"; Travers & Travers 
(1962: 57) recorded a single specimen from the Gulf of Marseille, noting “зепі- 
blait bien caractérisé et different de Ceratium macroceros". Likewise, the 
presence of f. deflexum in the Atlantic is doubtful. Apart from Graham & 
Bronikowsky's figure of f. deflectomassum no other figures of C. deflexum-like 
specimens from the Atlantic have been published. 


Ceratium deflexum f. deflexum 

C. deflexum (Kofoid) Jórgensen (1911): 64, PI. 7, Fig. 138; Bóhm (1931b): 37, 
e.p., Fig. 33a-d, non e-g, nec Fig. 34 (= f. sinensis); Steemann Nielsen (1934): 
25, Fig. 63; (1939): 14; Nie (1936): 63, Fig. 29 A, B; Schiller (1937): 428, 
Fig. 467a ( — Bóhm Fig. 33a), non b (= C. recurvatum Schróder 1906 Fig. 40); 
Graham & Bronikowsky (1944): 39, Fig. 22 C, D; Wood (1954): 310, Fig. 237: 
Sournia (1967): 463, Fig. 86. | 

“С. macroceros deflexum subsp. nov." Kofoid (1907b): 304, РІ. 24, Figs. 13-15. 
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. Fic. 7. 
C. deflexum (Kof.) Jórg.: АП specimens from Agulhas current NGY samples, except Е; the measurements given for each figure аге, іп order, 
the girdle diameter, the sum of left and right horn МЕС? and in some cases, the ventral deflection of the antapical horns, (see page 304). 
А, f. deflectomassum Rein., 60 и, 49°, 5 units; B — L, f. deflexum: B, specimen from NGY 42, thecal wall in optical section and surface view, 
66 м, 89°, 50 units; C, 54 м, 81°; D, 57 и, 94^, 45 units in left horn, 17 in right; E, from NGY 41 (see page 71), thecal wall in optical section 
and surface view, apparent regeneration of tips of antapical horns, 63 и, 62°; F, from S.W. Indian Ocean station МОЕ 121, 66 џ, 63°, 44 
units in left horn, 3 in right, specimen seen slightly from one side; ЕІ, detail of left horn thecal structure; С, 51 и, 108°, seen slightly from 


one side; H, 63 и, 80°C, 19 units; НІ, detail of wall of lower edge of left horn; J, 57 и, 58°, 15 units; K, thecal wall in optical section, 60 џи, 
ври Окт K. 54 и. 103°. 
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Fic. 8. 
C. deflexum (Kof.) Jórg.: Specimens from Agulhas current NGY samples. A, f. deflectomassum 
Rein., 60 и, 49°, 7-10 units; B, f. deflexum, 57 и, 94°, 31 units. (See Key to Fig. 7.) 


“С. macroceras Ehb., f?” Okamura (1907): 128, РІ. 4, Fig. 20a, b non С. macro- 
ceros (Ehb.) Vanh. 

* C. macroceras (Ehb.)" Ostenfeld & Schmidt (1901): 167, Fig. 19. 

“C. tripos macroceras” Karsten (1907) e.p., РІ. 49, Fig. 26a, non b (= f. sinensis). 
“С. tripos robustum Ost. & Schm. var." Karsten (1907): 413, e.p., Pl. 51, Fig. 7, 
non Pl. 48, Fig. 13a, b (= C. vultur Cl.), поп C. robustum O. & S. (1901) (= C 
vultur). 

Diagnosis: Differs from f. deflectomassum in that the sum of the right and left 
horn MRC'S is > 50^; differs from f. sinensis in that the right horn МВС 
radius co-ordinate is — 55 y. 


Description: Antapical horns usually markedly ventrally deflected. Horn curva- 
ture expressed in polar co-ordinate measurements of two-dimensional camera 
lucida drawings: Left horn MBC co-ordinates 51-787 and 15-48 и, mostly 
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C. deflexum (Kof.) Jórg.: Antapical horn curvature in specimens from Agulhas current NGY 

stations, A, curvature of left horn expressed in degrees at 5 R.U. intervals from 5 to 50 R.U. 

and at intervals of 10 К.Д). from 50 to 100 R.U.; B, the same for the right horn; С, the rate of 

change of direction of curvature of the left horn expressed in degrees over 5 R.U., from 5-10 
to 55-60 R.U.; D, the same for the right horn. See Key to Fig. 5. 
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58—68° and 31-40 u іп NGY specimens; degree co-ordinate with 15 p radius 
co-ordinate 39—78°, mostly 46-58% іп NGY specimens; with 105 и, 145-1797, 
(138° іп a single case), mostly 152-169° in NG Y specimens; with 150 p, generally 
exceeding 160^; MRC occurs between 45 and 75 y radius co-ordinates, very 
Lu between 30 and 45 y, and 15 21-667, mostly 26-51% in NGY specimens; 
-5 0,48–1,18, mostly 0,85-1,07 іп NGY specimens; в 0,42-1,18, mostly 
0,66-0,96 in NGY specimens. Right horn: MBC degree co-ordinate 26-487, 
mostly 32—43° in NGY specimens, less than in left horn by 14-387, mostly by 
20-33% in NGY specimens; MBC radius co-ordinate 25-53 и, mostly 34-47 p 
in NGY specimens, very slightly less than, to up to 20 и greater than in left 
horn, 2-7 y greater than in left horn in most NGY specimens; degree co-ordinate 
with 15 и radius co-ordinate 4-28? mostly 822^, in NGY specimens, less than 
in left horn by 18—56°, mostly by 27-48? in NGY specimens; degree co-ordinate 
with 105 и radius co-ordinate 93-129^, mostly 106-1217 in NGY specimens; 
МЕС generally occurs between 30 and 60 y radius co-ordinates, very rarely 
between 15 and 30 и or 60 and 75 p, and is 23-64^, mostly 31-55^ in NG Y 
specimens; 899 0,76-1,91, mostly 0,90-1,30 in NGY specimens. Sum of left and 
right horn MRC's 51-113^, mostly 64-101? in NGY specimens. (See Fig. 9.) 


Dimensions: In NG Y specimens: Girdle diameter 48-66 и, mostly 54-57 p; 
length hypotheca 27-42 и; length epitheca 24-33 ш; angle between base of 
hypotheca and girdle 23-36°. (See Fig. 10.) From literature: Girdle diameter 
54-64 u (Jorgensen 1911), 50-60 ш (Böhm 1931b), 57-62 н (Nie 1936). 


Ceratium deflexum f. sinensis Reinecke forma nova. 

C. deflexum: Bóhm (1931b): 37, e.p., Figs. 33e-g, 34a, b non 33a-d (=f. 
deflexum). 

“С. tripos macroceras” Karsten (1907) e.p., РІ. 49, Fig. 26a non b (= f. deflexum), 
Р IMEL Па, b. 

9 C. macroceros var. hainanensis Nie (1936): 62, Fig. 28A, В. 

Diagnosis: Differt a f. deflexo et f. deflectomasso in eo quod co-ordinatus 
radii cornus dextri apud locum flexus maximi retrorsum > 60 и est, et cursus 
mutationis maximi flexus per 15 ш cornus sinistri plerumque extra co-ordinatum 
radii 75 p accidit. 


Diagnosis: Differs from f. deflexum and f. deflectomassum in that the right horn 
radius co-ordinate at the point of maximum backward curvature is > 60 p, and 
the maximum rate of change of direction of curvature over 15 и generally occurs 
beyond the 75 p radius co-ordinate in the left horn. 


Description: Ventral deflection of antapical horns sometimes not very marked. 
Polar co-ordinate measurements of horn curvature in camera lucida drawings 
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from the literature generally as in f. deflexum, with the following differences: 
MBC radius co-ordinates sometimes larger in left horn and always larger in 
right horn, being 60-78 u; MBC degree co-ordinate generally smaller in right 
horn, being 14-33% (40° in one case); difference between left and right horn 
MBC degree co-ordinates never — 20^, being 26-49^; degree co-ordinate with 
105 и radius co-ordinate often lower in both left and right horns; left horn MRC 
generally occurs beyond 75 y radius co-ordinate; sum of left and right horn 
MRC's sometimes as low as 46°; 2° 0,86-1,57; BS 1,63-2,62; үү 0,90-1,45. 


Dimensions: From literature: Girdle diameter 64-70 p (Nie 1936), 60-68 ш 
(Bóhm 1931b). 


Because the evidence for including var. hainanensis Nie in C. deflexum is 
circumstantial, the epithet “hainanensis” is not retained for this taxon. 


C. deflexum f. deflectomassum Reinecke forma nova. 

C. massiliense: Graham & Bronikowsky (1944): 38, e.p., Fig. 22H. 

С. massiliense f. a macroceroides: Воћт (19315): 35, е.р., Fig. 326. 

C. macroceros subsp. macroceros: Graham & Bronikowsky (1944): 38, e.p., 
Fig. 21C. 

C. macroceros: Klement (1964): 357, e.p., РІ. 3, Fig. 1. 


Diagnosis: Differt a f. deflexo in eo quod summa velocitatum maximarum 
mutationis flexus per 15 м cornus dextri cornus sinistirque < 50° est; differt 
a f. sinense in eo quod co-ordinatus radii cornus dextri apud locum flexus maximi 
retrorsum < 55 p est. 


Diagnosis: Differs from f. deflexum in that the sum of the maximum rates of 
change of direction of curvature over 15 и for left and right horns is — 50°; 
differs from f. sinensis in that the right horn MBC radius co-ordinate is < 55 и. 


Description: Ventral deflection of antapical horns not very marked. Polar 
co-ordinate measurements of antapical horn curvature in camera lucida drawings 
of specimens as in f. deflexum save that sum of left and right horn MRC's 
is 40-507, right horn MBC degree co-ordinate is never — 352, and right horn 
degree co-ordinate with 105 и radius co-ordinate may be as low as 827. == 


р 
0,50-0,88; 5% 0,73-2,21; 8 0,30-0,92. (See Fig. 8.) 


Dimensions: In МС У specimens: Girdle diameter 57-66 ш; length apical horn 
up to 350 и; angle between base of hypotheca and girdle 22—33°. From literature: 
Girdle diameter 66 » (Klement 1964). 


One NGY specimen seen with closed, rounded and slightly swollen antapical 
horn tips. 
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This taxon includes specimens which are in some respects intermediate 
between C. massiliense var. massiliense and C. deflexum sensu stricto. Steemann 
Nielsen (1934) noted that forms of C. massiliense had a C. deflexum-like habit 


in some of his neritic Pacific samples, and may have been referring to the present 
taxon. 


TAXON INCERTAE SEDIS 
C. recurvatum Schröder (1906): 367, Fig. 40. 
С. deflexum f. recurvatum (Schr.) Jörgensen (1911): 65, 123, РІ. 7, Fig. 138 
(= Schröder Fig. 40). 
C. deflexum: Schiller (1937): 428, p.p., Fig. 467b ( Schröder Fig. 40), non a 
(= C. deflexum f. deflexum). 

This problematic form was found in the Arabian Sea by Schröder and later 
a second specimen was seen in Schröder’s sample by Jörgensen (1911) who lost 
it before he could draw or measure it. From the scale, the diameter of Schróder's 
specimen is about 56 д. If it is a freak, then it does not have taxonomic status, 
but, whether a freak or not, the question arises: is it related to C. deflexum? 
The shape of the body in Schróder's figure indicates that it was probably drawn 
seen in full ventral aspect. Polar co-ordinate measurements of the curvature of 
the right horn show an MRC of about 10^, which is lower than recorded in any 
camera lucida drawings of C. deflexum, while the MBC radius co-ordinate is 
about 75 y. 


Ceratium massiliense (Gourret) Karsten (1906): 145. 
Diagnosis: In the specimens examined, C. massiliense var. massiliense and most 
specimens of C. massiliense var. carriense (Gour.) Rein. differ from C. macroceros 
(Ehb.) Vanh. in that the ratio m is — 0,90; (C. massiliense differs from the 
single specimen of C. macroceros recorded in the Agulhas current in which this 
ratio was 0,83, in that the girdle diameter is > 60 м); the few specimens of var. 
carriense in which the ratio T is > 0,90, but always < 1,50, differ from С. 
maeroceros in that the right horn МЕС is < 107 and the sum of left and iene 
seg МЕС is < 25°; (specimens of var. carriense in which the ratio ү 8 15 

> 0,90, differ from the three specimens of C. Ens oceros recorded in which the 
right horn MRC was < 10°, in that the ratio = = is < 1,50 and the sum of left 
and right horn MRC's ЕНЕ = 255 ш the girdle Fs is — 60 м); specimens 
of var. carriense in which the ratio 8 is = 1,10, differ further from C. macroceros 
in that the difference between the left horn radius co-ordinates of the tangent, 
parallel to the girdle, to the lower edge of the antapical horn and of the point 
of МВС, 15 > 100 и. 

C. massiliense differs from C. deflexum (Kof.) Jórg. in lacking a mar ked 
ventral deflection of the antapical horns; expressed in terms of polar co- -ordinate 
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Fic. ПАР. 
С. massiliense (Gour.) Karst.: Antapical horn curvature in specimens from Agulhas current 
NGY stations. A, curvature of left horn expressed in degrees at 5 R.U. intervals from 5 to 
50 R.U. and at 10 R.U. intervals from 50 to 100 R.U.; B, the same for the right horn; C, the 
rate of change of direction of curvature of the left horn expressed in degrees over 5 R.U. 
from 5-10 to 55-60 R.U.; D, the same for the right horn. In var. cerriense A, the left horn 
degree co-ordinate with the 100 R.U. radius co-ordinate is > 130^, in var. carriense B, this 
co-ordinate is — 130^. See Key to Fig. 5. 
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measurements of two-dimensional camera lucida drawings, C. massiliense 
differs from C. deflexum in that the sum of the left and right horn MRC's is 
— 40^; (a single specimen of var. carriense, (Jórgensen 1911, Fig. 150a), in 
which the sum of left and right horn МЕС? was > 40°, differed from C. de- 
flexum f. deflexum апа C. deflexum f. deflectomassum Rein. in that the left horn 
degree co-ordinates with the 105 and 150 p radius co-ordinates were < 130", 
and from C. deflexum f. sinensis Rein. in that the right horn MBC radius co- 
ordinate was — 60 y). 

C. massiliense differs from C. trichoceros (Ehb.) Kof. in that the left horn 
МЕС occurs before the 75 м radius co-ordinate; (the single specimens recorded 
of var. massiliense (from the Agulhas current) and of var. carriense (Karsten 
1907, РІ. 49, fig. 27e) in which the left horn MRC occurred beyond the 75 p 
radius co-ordinate, differed respectively from C. trichoceros, in that, in the first, 
the left horn degree co-ordinate with the 15 и radius co-ordinate was > 90", 
and in the second, the girdle diameter was > 60 и and the left horn MBC degree 
co-ordinate — 70^). 

C. massiliense differs from C. tenue O. & S. in that the girdle diameter is 
> 60 u. 


Taxonomic history and present treatment of taxa: C. massiliense, one of the 
most variable species of the genus, was originally described as C. tripos var. 
massiliense by Gourret (1883: 27, Pl. 1, Figs. 2, 2a), together with C. carriense 
(l.c.: 38, РІ. 4, Fig. 57). From his drawings, it is evident that Gourret confused 
dorsal and ventral views and considered the apical horn to lie posteriorly. In 
none of the figures mentioned are lists or spines depicted. Gourret considered 
that the essential difference between the two taxa was that in C. carriense, the 
girdle was “сопсауе en bas". It would appear that the specimen in Fig. 57 is 
drawn tilted so that the base of the hypotheca is nearest the viewer, which would 
account for the appearance of the girdle as “angled” in mid diameter towards 
the apical horn. The specimen in Fig. 2a is drawn seen slightly from one side. 

In 1900, Cleve described a species, “С. (tripos var.?) volans" : “characterised 
by the straight and very long posterior horns, which proceed in a right angle to 
the apical horn . . . it may be possible that it is the same as C. carriense Gourret, 
which I dare not decide, without comparing the original specimens.” (1900a: 
БЕРИ ТЕ 4). 

Unfortunately, in both Cleve's Fig. 4 and Gourret's Fig. 57, only the proxi- 
mal parts of the antapical horns are shown, making them, together with Gour- 
ret's Fig. 2a, very unsatisfactory iconotypes. (See Fig. 16 F, G.) 

The correct citation of the combination Ceratium massiliense has been a 
matter of dispute. The combination was first used by Karsten thus: “Die weiter 
folgenden Formen . . . gleichen am meisten dem Ceratium massiliense Gourret 
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Ша 27 Тағ 1, Fig. 2, 2a), ohne jedoch mit ihm identifiziert werden zu 
kónnen." The forms he referred to were “С. tripos protuberans n. sp." and 
“С. tripos macroceroides n. sp.", both placed by Jórgensen (1911) in the species 
he then cited as “С. massiliense (Gourret)". Pavillard (1907) was the first to 
cite the species as C. massiliense (Gourret) Karsten applying this to Gourret's 
Fig. 2a, while he considered Fig. 2 to belong to “С. aequatoriale” Schroder. 
Jórgensen (1920), who in 1911 had considered Gourret's Fig. 2 as belonging to 
C. massiliense and his Fig. 2a as belonging to C. carriense Gourret, 
proposed the illegal combination “С. massiliense (Gourret, Karsten) Jórg.". 
Sournia (1967), who followed Jórgensen's treatment of Gourret's figures, con- 
sidered the citation C. massiliense (Gour.) Kars. to be invalid, invoking Articles 
33 and 34 of the International Code, and cited the combination as “С. massi- 
liense (Gour.) Jórg.". But, as it is printed in the “Atlantische Phytoplankton”, 
the combination C. massiliense (Gourret) Karsten is validly published. The 
combination is clearly indicated, with a full reference to the original author, 
and cannot be considered as an incidental mention. Karsten`s species concepts 
regarding Ceratium were often confused, and his wording definitely shows that 
he considered his two new species and that of Gourret as three separate taxa. 

Significant steps in the taxonomic history of this complex up to 1911 are 
shown in Table 3. Sournia (1966, 1967) recognised the following taxa: C. 
massiliense var. massiliense, C. massiliense var. protuberans (Kars') Jörg., C. 
massiliense f. armatum (Kars.) Jórg., C. carriense var. carriense Gour. and C. 
carriense var. volans (Cl.) Jórg. 

No workers have combined С. massiliense and C. carriense, alihough many 
have commented on their great variability and Jórgensen himself (1911) noted 
that they were confusingly similar. Graham & Bronikowksy (1944) suggested 
that the two species might be identical, and Wood (1954) observed that there 
seemed more reason to treat the components of “С. horridum (Cl.) Gran” 
(C. tenue O. & S.) as separate species than to divide C. carriense from C. mas- 
siliense. Steemann Nielsen (1939) referred to the Formenkries>> massiliense ` 
which included C. massiliense, C. carriense and C. deflexum. Earlier (1934) һе 
had noted specimens of C. massiliense in neritic waters which resembled C. 
carriense var. carriense in habit. 

An examination of NGY Agulhas current specimens and those depicted in 
the literature leads to the conclusion that C. massiliense and C. carriense should 
indeed be treated as a single species. 

The differences between ‘C. carriense’ and C. massiliense as given by Jörgen- 
sen (1911) are as follows: in “С. carriense’, the antapical horns are far more 
spreading; the right horn is more divergent, the proximal part making an obtuse 
angle with the distal part, while in C. massiliense this is more of a right angle: 
the base of the hypotheca is more depressed between the bases of the antapical 


Fic. 12. 
(Measurements for each specimen given in the following order: girdle diameter, left horn degree co-ordinate with 15 » radius co-ordinate, and, 
in I-L, sum of left and right horn МЕС.) A-H, J, K, С. massiliense var. massiliense (Gour.) Kars.: A 69 u, 90°; В 69 z, 90°; C 72 u, 96°; 
D 60 м, 85^; E 63 и, 72°; F 75 м, 77°; С 69 и, 68°; H 63 p, 88°; J 66 џ, 652, 38°; K 69 p, 58°, 38°; I, С. deffexum f. deflectomassum Rein.: 
60 м, 70°, 49^; L, С. deflexum f. deflexum (K. of.) Jörg.: 63 м, 552, 62°; M, С. macroceros (Ehb.) Vanh.: 51 p, 45°. All specimens from Agulhas 
current NGY samples, thecal wall shown in optical section and surface view. 
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horns; the base of the left horn is “less straight", (gerade—Jórgensen's meaning 
is not clear), and makes a definite angle with the base of the hypotheca, which 
angle is generally smaller than the indistinct angle in C. massiliense; the left 
profile of the hypotheca is straight or weakly convex, while in C. massiliense it 
is somewhat concave and generally oblique; the angle made by projections of the 
girdle and the base of the hypotheca is smaller, as is the perpendicular distance В. 

Polar co-ordinate measurements of antapical horn curvature in NGY 
specimens showed slight discontinuities only in the co-ordinates of the left horn, 
which delimited three groups; in the first, approximating Jórgensen's concept of 
C. massiliense, the left horn degree co-ordinate with the 150 p radius co-ordinate 
was > 130°; in the second and third groups, approximating Jórgensen's concept 
of ‘C. carriense’, the left horn was more spreading and the degree co-ordinate 
with the 150 и radius co-ordinate was << 130°; in the second group, the degree 
co-ordinate with the 300 џ radius co-ordinate was > 130° and in the third group 
it was < 130°. (See Fig. 11A). While there were no discontinuities in the right 
horn polar co-ordinates, this horn tended to be more spreading in groups two 
and three, (see Fig. 11B). Specimens of the first group were found in which the 
angular delimitation of the base of the hypotheca by the bases of the antapical 
horns was very marked, (in two such instances, the left horn degree co-ordinates 
with the 150 џ radius co-ordinates were 143° and 159°), as is the case in a figure 
of Karsten’s (1906 РІ. 22, Fig. 29a) cited by Jórgensen in the synonomy of 
С. massiliense! The left horn degree co-ordinate with the 15 и radius co-ordinate 
was 58-972, mostly 70-90% in group one, and 50-737 in groups two and three, 
while the left horn MBC degree co-ordinate was 63-90° in group one, mostly 
72-86°, and 53—73° in groups two and three. The left profile of the hypotheca 
was generally sloping and slightly concave in group one, but this condition was 
found in some specimens of groups two and three, and straight or slightly convex 
left profiles, common in groups two and three, were also found in group one. 
The angle between the base of the hypotheca and the girdle was 22-347, mostly 
25-31% in group one and 19-317 in groups two and three. The ratio + was 
0,14-0,81, mostly 0,22-0,50 in group опе, and 0,30–0,90 in groups two and three. 

No discontinuities were shown between these groups in measurements of 
other characters such as girdle diameter, MBC radius co-ordinates, MRC and 
position of MRC, and the ratios 179 апа a 

Measurements of polar co-ordinates of specimens from the literature support 
these observations, but eliminate the discontinuity between groups two and 
three, (see Table 4). It is of interest to note that the specimen of unknown size 
depicted by Pavillard (1905, РІ. 1, Fig. 1) as ‘C. volans’ and cited under “С. 
carriense’ by Jorgensen (1911), at a diameter of 69 u, has a value for the left 
horn degree co-ordinate with the 105 ш radius co-ordinate of approximately 


135°, which places it in group one. 
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Thus, when the characters, which according to Jórgensen distinguish C. 
massiliense from *C. carriense’, are actually measured, differences between the 
two are shown to be far less than warrants their recognition as two separate 
species, and they are accordingly treated as varieties of a single species. 


Ceratium massiliense var. massiliense 

(See Figs. 12A-H, J, K, 13D, E, 14A, B and 15.) 

Sournia (1966): 1982; (1967): 466; Paredes (1969/70): 44, РІ. 22, Fig. 153. 

C. massiliense (Gourret) Karsten (1906): 145. 

Pavillard (1907): 226; (1916): 17; (1931): 88; Jörgensen (1911): 66, РІ. 7, Figs. 
140-142; (1920): 85, Fig. 78; Schróder (1911): 646; Mangin (1912): 24, Fig. 7; 
Forti (1922): 66, РІ. 3, Fig. 51 (— Jórgensen Fig. 141); Dangeard (1927): 378; 
Abé (1927): 430, Fig. 48A, B; Paulsen (1930): 89, Fig. 55С-Е, non A, B (— 
C. trichoceros var. contrarium (Gour.) Sch.); Bóhm (1931a): 383; Peters (1932): 
50, Pl. 1, Fig. 2a, b, Pl. 2, Fig. 10f, Pl. 3, Fig. 13a; Wang & Nie (1932): 301, Fig. 
14; Steemann Nielsen (1934): 25, Figs. 60-62; (1939): 14; Nie (1936); 65; 
Graham & Bronikowsky (1944): 38, Fig. 22E-G, J, K; Silva (1949): 361, PI. 
7, Fig. 3; Margalef & Duran (1953): 42, Fig. 12m-p, ?q, r (figures of an abnor- 
mal form of uncertain affinity); Gaarder (1954): 14; Margalef (1957): 48, Fig. 
3g; Halim (1960): 180, РІ, 5, Fig. 15; Klement (1964): 357, РІ. 3, Fig. 2; López 
(1966): 333, Figs. 50, 51; Taylor (1967): 463, РІ. 91, Fig. 39, "intermediate form” ; 
Steidinger & Williams (1970): 46, Fig. 30a-e. 

C. tripos var. massiliense Gourret (1883): 27, РІ. 1, Fig. 2, non 2a (— var. 
carriense (Gour.) Rein.); Daday (1888): 99. 

C. tripos var. macroceras f. massiliensis (Gour.) Schróder (1900): 15. 

C. massiliense а macroceroides (Kars.) Jórgensen (1920): 86, (used instead of 
var. or f. massiliense). 

C. massiliense f. a macroceroides: Bóhm (1931a): 362; (1931b): 35, Fig. 32a, 
c, d non b (— C. deflexum f. deflectomassum Rein.). 

C. massiliense f. macroceroides: Schiller (1937): 424, Fig. 436a; Rampi (1939): 
308, Fig. 33; Wood (1954): 308, Fig. 235a; Klement (1964): 357; Halim (1963): 
498, Fig. 28. 

C. massiliense var. macroceroides: Taylor (1967): 463. 

C. tripos macroceroides Karsten (1906)* : 145, РІ. 22, Fig. 28a, b. | 

C. massiliense var. protuberans (Kars.) Jórgensen (1911): 67, РІ. 7, Fig. 143: 
РІ. 8, Figs. 144, 145; (1920): 86, Fig. 79; Schróder (1911): 646; Pavillard (1916): 
17; Forti (1922): 67, РІ. 4, Fig. 53; Dangeard (1927): 378, Fig. 436: Graham & 
Bronikowsky (1944): 38, Fig. 221; Silva (1949): 361; Sournia (1966): 1982; 
(1967): 467; Paredes (1969/70): 44, РІ. 22, Fig. 154. К 

С. massiliense f. protuberans (Kars.) Bóhm (19312): 362, Fig. 16: (19081052225 
Schiller (1937): 424, Fig. 463c, d ( = Jorgensen Fig. 144); Rampi (1939): 310. 
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Fic. 14. 
(Measurements given for each specimen given in following order: girdle diameter, left horn degree co-ordinate with 15 и radius co-ordinate 
and sum of left and right horn MRC’s.) A and B, C. massiliense var. massiliense (Gour.) Karst.: two celled chains, with regeneration of apical 
and antapical horns in A, (after autotomy?), Aa 66 и, 89°, 24°; Ab 66 u, 84-, 23°; Ва 63 u, 70°, 27”; Bb 66 u, 70°, 30°; С, С. deflexunt f. 
deflectomassum Rein.: 63 p, 70°, 47 ; D, C. vultur f. sumatranum (Karst.) Sournia: long apical horned specimen, included to show distinctive 
base of left horn, 66 и. All specimens from Agulhas current NGY samples, thecal wall shown in optical section and surface view. 
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Fig. 40; Wood (1954): 308, Fig. 235c; Gaarder (1954): 14; Halim (1960): 180; 
(1963): 499, Fig. 29. 

C. protuberans (Kars.) Paulsen (1930): 89, Fig. 56А-С. 

C. tripos protuberans Karsten (1906): 145, РІ. 22, Fig. 27a-g. 

C. massiliense f. crassum sensu Jórgensen (1920): 87. 

C. tripos macroceras var. crassa Karsten (1907): 411, e.p., Pl. 49, Fig. 27a, non 
с, e, (c — С. macroceros, e — var. carriense). 

C. tripos flagelliferum var. crassa Karsten (1907): 410, РІ. 49, Fig. 25а-с. 

C. massiliense f. armatum sensu Jórgensen (1911): 67, e.p., Pl. 8, Fig. 146; 
Forti (1922): 67, РІ. 4, Fig. 52 (= Jörgensen Fig. 146); Schiller (1937): 424, 
Fig. 463b (— Jórgensen Fig. 146); Rampi (1939): 310, Fig. 32; Wood (1954): 
308, Fig. 235b; Sournia (1967): 468, Fig. 87 (— Peters (1932) Pl. 3, Fig. 16a), 
Fig. 88 (-- Rampi Fig. 32). 

C. massiliense var. armatum sensu Peters (1932): 50, РІ. 3, Fig. 16a; Graham 
& Bronikowsky (1944): 38, Fig. 22L. 

Non C. tripos var. macroceras f. armata Karsten (1905): 132, РІ. 19, Figs. 7, 8; 
(1906): 146, (? — C. massiliense f. armatum (Kars.) Jórg. 1920). 

C. massiliense f. ellipticum Bóhm (1931a): 362, e.p., Fig. 17a, non b, non 18a, 
b (= var. carriense). 

C. volans sensu Pavillard (1905): 54, e.p., (includes var. carriense), Pl. 1, Fig. 1; 
Okamura (1907)*: 130, e.p., Pl. 4, Fig. 18c, d, e non 18a, b (18a — C. tenue, 
18b = var. carriense). 

“C. volans forma”: Schröder (1906)*: 363, Fig. 34. 

C. tripos volans var. campanulata Karsten (1907): 408. 

C. aequatoriale Schróder (1906): 360, Fig. 32: Pavillard (1907): 226. 

C. tripos intermedium var. aequatorialis (Schr.) Karsten (1907): 412, PI. 49, Fig. 
21a, b. 

C. ostenfeldii Kofoid (1907b): 305, e.p., Pl. 26, Figs. 22, 23 non 24, 25, (24 

C. macroceros, 25 — var. carriense). 

C. tripos intermedium var. hundhausenii sensu Karsten (1907): 413, РІ. 50, 
Fig. 10, non C. hundhausenii Schróder (— var. carriense). 

C. horridum f. intermedia (Jórg.) Ost.: Okamura (1907): 129, e.p., РІ. 4, Figs. 
21a, c non b, non Fig. 23 (21b — C. tenue, 23 — abnormal form of uncertain 
affinity, probably — C. macroceros). 

C. horridum f. laevis Okamura (1907)*: 129, e.p., РІ. 4, Fig. 214, f, h поп e,g 
e — C. tenue, g — C. contortum (Gour.) СІ.). 

C. horridum subsp. buceros var. molle sensu Margalef & Duran (1953): 42, 
Fig. 12), k. ме? 

C. pavillardii sensu Dangeard (1927): 378, Fig. 42a, поп С. pavillardii Jörgensen 
(= C. vulture var. pavillardii (Jörg.) G. & B.). S 

C. vultur f. regulare Graham & Bronikowsky (1944): 41, Fig. 23C 
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C. contrarium (Gour.) Pav.: Graham & Bronikowsky (1944) eds Inu. ДЕ. 
non Fig. 24A, B (— C. trichoceros var. contrarium (Gour.) Sch.). 

C. tripos longipes sensu Karsten (1907): 412, РІ. 48, Fig. 11 a, b, PI. 51, Figs. 12,13. 
C. tripos longipes f. ventricosa Karsten (1906): 145, РІ. 21, Figs. 26, 26a. 

C. tripos longipes var. cristata Karsten (1907): 413, e.p., Pl. 48, Fig. 12c, ? non 
a, b (? — f. armatum). 

" Ceratium sp." Chun (1903): 64, Fig. b. 

C. tripos macroceros sensu Entz (1902) e.p., Pl. 2, Figs. 17, 18, РІ. 6, Figs. 40, 41; 
sensu Karsten (1906): 145, e.p., Pl. 22, Fig. 29a, non b-d (— C. macroceros); 
(1907): 411, e.p., Pl. 49, Fig. 27a, non b-e (b, c, — C. macroceros, d, e — var. 
carriense). 

? C. tripos var. macroceros: Stein (1883) Pl. 16, Fig. 9 (Antapical horns are shown 
with closed pointed tips, extending to level of about one third of length of apical 
horn, but left antapical horn definitely curved backwards initially.) 

? C. macroceros: Wood (1954) e.p., Fig. 238a. 

? C. tripos var. macroceras f. undulata Schróder (1900)*: 16, РІ. 1, Fig. 17k, 
non 1, m (1 = C. tenue, m = C. vultur var. pavillardii—Jórgensen (1920) cited 
Fig. 17m in the synonomy of both “С. pavillardii and C. massiliense). 

? C. tripos var. macroceras f. scotica sensu Schróder (1900): 15, РІ. 1, Fig. 17g; 
non C. tripos scoticum Schütt (1892): 302, Figs. 76 IVc and 91 IV (Fig. 76 
IVc = C. macroceros, Fig. 91 IV unidentifiable with certainty—Jórgensen (1911) 
considered it as possibly C. intermedium (Jórg.) Jórg. (— C. tenue)). 

? C. tripos tergestinum sensu Karsten (1906): 144, PI. 21, Fig. 24. (Jórgensen 
(1911) and Schiller included this in the synonomy of ‘var. protuberans'. The 
antapical horns are very short, with closed pointed tips, the left horn MBC 
degree co-ordinate is 90% and the right horn has only a very slight initial back- 
ward curvature, so that it might be a badly drawn specimen of C. tripos (Müller) 
Nitzsch); non C. tripos var. tergestina Hensen (= C. longipes (Bail.) Gran). 


*(Scales given by these authors could be inaccurate, as is certainly the case in 
Schröder (1900). Okamura has confused C. tenue and C. massiliense (as has 
Karsten (1907): 412), and the correct identification of his figures depends upon 
their girdle diameter. Some of the diameters of figures of Schróder (1906) and 
Karsten are far larger than any encountered in NGY Agulhas current specimens.) 


Diagnosis: Differs from var. carriense in that the left horn degree co-ordinate 
with the 150 p radius co-ordinate is > 130°. (Differs from f. armatum in that 
spines are not always present along the lower margins of the antapical horns, 
and if they are present, these spines decrease in size distally. so that at the level 
of the base of the apical horn they are absent or minute.) 


Taxonomic history and present treatment: Karsten (1906) described his two new 
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species C. tripos protuberans and C. tripos macroceroides (treated by Jórgensen 
as var. massiliense) thus: “Man seiht die Scheitellinie fast oder doch nur mit 
geringem Absatz auf das linke Antapikalhorn übergehen, wührend das rechte 
deutlich über diese Grenze nach unten verstósst . . . Sie mogen als Ceratium 
tripos protuberans n. sp. benannt . . . Fig. 27a-g, Taf. ХХИ... Ceratium tripos 
macroceroides n. sp. Fig. 28, Taf. XXII . . . welches bereits beide Antapiklhórner 
über die Scheitellinie hinausstrekt, aber noch nicht die Knickung im Ansatz des 
linken Antapikalhornes zeigt, die für macroceras selbst charakterisch ist." 

Jórgensen (1911) distinguished between C. massiliense and “С. massiliense 
var. protuberans’ thus: in ‘var. protuberans’, which is generally slightly larger, 
the left horn is laterally directed from its inception and its base is not, or in- 
distinctly, delimited from the base of the hypotheca; the angle made by the 
bases of the left horn and the hypotheca is larger, mostly 180^; the distance В 
is small; the proximal parts of the antapical horns are very stout, the distal 
parts frequently long and thin; the base of the hypotheca is mostly distinctly 
convex in ventral view; the profile of the epitheca is more convex; the left pro- 
file of the hypotheca is almost straight; the theca is usually thickened and the 
apical horn is mostly somewhat curved. 

Using these criteria, however, it is impossible to distinguish two distinct 
taxa, as Jórgensen did, in the specimens depicted in Karsten's Figs. 27 and 28. 
In Fig. 27а and c-g, the left horn МВС degree and radius co-ordinates are 90 
and zero, while in Figs. 27b and 28, these co-ordinates are — 90^ and — 0; in 
all, the bases of the antapical horns are of a similar thickness; in Fig. 27d, the 
base of the hypotheca in ventral view is straight; there is little difference in body 
shape between Figs. 27 and 28, and the apical horn is not curved at the base in 
all specimens of Fig. 27; the specimens of Fig. 27a and b and Fig. 28 are similar 
in size, but those in Fig. 27c-g are larger. (Jórgensen did query the inclusion of 
Fig. 27a and b in ‘var. protuberans’, but did not indicate to which other taxon 
they might belong.) 

Peters (1932) considered that only var. armatum should be recognised as an 
infraspecific taxon of “С. massiliense massiliense", as it occurred in cooler 
waters than the other previously described components of this species, in which 
he included “С. inflexum (Gour.) Jórg." (— С. trichoceros), C. deflexum and 
‘yar. protuberans’, all of which he found had the same distribution in the S. 
Atlantic. Steemann Nielsen (1934) appears to have regarded the subdivision of 
C. massiliense as unnecessary, for he found many intergrades. He found only 
“a-macroceroides-like” forms in the warmest parts of the 5. Equatorial current 
and only protuberans- and armatum-like forms in temperate waters off New 
Zealand, but mixed macroceroides-protuberans" populations in other warm 
parts of the S. Pacific. Graham & Bronikowsky (1944) reported nine recognis- 
able varieties of C. massiliense in the Carnegie samples. with intergrades. de- 
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Fic. 17A-D. 
C. tenue Ost. & Schm.: Antapical horn curvature іп specimens from Agulhas current NGY 
stations. A, curvature of left horn expressed in degrees at 5 R.U. intervals from 5 to 50 R.U. 
and at 10 R.U. intervals from 50 to 100 R.U.; B, the same for the right horn; C, the rate of 
change of direction of curvature of the left horn expressed in degrees over 5 R.U. from 5-10 
to 55-60 R.U.; D, the same for the right horn. A = right horn degree co-ordinate with 150 m 
(50 R.U.) radius co-ordinate. See Key to Fig. 5; here the V's represent specimens with re- 

curved horns. 
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Fic 18. 
С. tenue Ost. & Schm.: specimens from Аршһав current NGY stations; the scale line 
indicates 42 и. 


FiG. 19. 


C. tenue Ost. & Schm.: specimens from Agulhas current NGY stations; 
indicates 42 p. 


the scale line 
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scribed the habit of only eight, and named only var. massiliense, *var. protu- 
berans’ and var. armatum. They found no correlation between these varieties 
and hydrographic conditions. Sournia (1967) found that it was always possible 
to distinguish between var. massiliense and ‘var. protuberans’ in his samples, 
from which f. armatum was absent. 

In the Aghulas current NGY samples, specimens resembling Jórgensen's 
figures of both var. massiliense and ‘var. protuberans’ were found. There was no 
discontinuity in the polar co-ordinate measurements of antapical horn curva- 
ture in these, in particular the left horn degree co-ordinates at MBC and with 
the 15 и radius co-ordinate. Body shape, size, thickness of antapical horn bases 
ала curvature of the apical horn varied independantly of these co-ordinates. 

The maintenance of var. protuberans as a separate infraspecific taxon 18 
indeed unwarranted. 


Description: Antapical horn curvature: In specimens examined, antapical horns 
sometimes very slightly deflected ventrally, distal parts of horns sometimes 
slightly undulating, sometimes curving outwards. Polar co-ordinate measure- 
ments of horn curvature: Left horn: Varies from being latero-anteriorly directed 
at inception, when MBC degree and radius co-ordinates are 90° and-zero, to 
having an initial backward curvature, with MBC co-ordinates varying to 63° 
апа 42 и, mostly 73—86° and 8-26 u, when its base makes an indistinct to an 
obvious angle with that of the hypotheca; degree co-ordinate with 15 и radius 
co-ordinate 55—100° (> 100° in Karsten's C. tripos intermedium var. hundhau- 
senii); with 105 и, 120-149°, mostly 130-1447; with 150 и, 134-1747, mostly 
140-1647; with 300 u, 145-1847; MRC occurs between 15 and 75 y radius 
co-ordinates, (in only one case between 75 and 90 и) and is 9-25°, mostly 
10-17°; m 0,00-0,91, mostly 0,25-0,63; = 0,00-0,81, mostly 0,22-0,50. 

Right horn: Always curved backwards initially, making a rounded to a pointed 
angle with base of hypotheca; MBC degree co-ordinate 45-727, mostly 50-652, 
always less than in left horn, MBC radius co-ordinate 25-60 ш, mostly 33-50 y, 
always greater than in left horn; degree co-ordinate with 15 u radius co-ordinate 
20-707, mostly 30-552, always less than in left horn; with 150 u, 85-125°; with 
300 и, 95-125^; МЕС occurs between 15 and 75 y radius co-ordinates and is 
10-227, mostly 10-18"; ко 0,69-2,20, mostly 0,90-1,75. Sum of left and right 
horn MRC's 20—39°, mostly 22-332. (See Fig. 11.) 


Dimensions: Іп NG Y specimens: Girdle diameter 60-84 и, mostly 63-73 y; 
length hypotheca 36-54 u; length epitheca 24-42 p; length apical horn 132-645 
p (90 и in one specimen, which could have been broken); angle made by pro- 
jections of hypotheca base and girdle 22-34^. Fron: literature: diameter 62-85 и 
(Jörgensen 1911); 92 u (Wang & Nie 1932); up to 81 и (Steemann Nielsen 1934 
—he gives the range of measurements as 55-81 и, but specimens < 60 p are 
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here regarded as belonging to C. tenue; Nielsen found no correlation between 
diameter and temperature); 79 „ (Nie 1936); 61-122 p (Steidinger & Williams 
1970); length apical horn: up to 650 џ, angle between hypotheca base and girdle 
27-33% (Jörgensen 1911). Length antapical horns: horn length variable and diffi- 
cult to determine as horns often broken (or autotomised ?); specimens seen in 
which antapical horns extend beyond level of top of apical horn and in others, 
antapical horns have closed rounded tips and extend to level of mid apical horn 
length. (See Fig. 10.) 


Thecal ornamentation: Thecal walls smooth or thickened and ridged. Apart 
from sulcal list along left side of sulcus, up to three lists found along base of 
hypotheca: one, sometimes only list present, in angle between hypotheca and 
left horn, extending along hypotheca base for about two thirds of length of base 
and a little way onto base of left horn, sometimes continuing along lower margin 
of left horn, usually supported by small spines and gradually decreasing in 
width, to level of girdle; a second along base of sulcus; third in angle between 
base of right horn and hypotheca, extending up to halfway along hypotheca 
base and a very little way onto base of right horn, occasionally continuing long 
right horn as for left horn; sometimes additional lists found along lower edges 
of antapical horns, more rarely along right horn, situated along horns as already 
described. Margins of lists smooth to serrated; sometimes serrations of lists 
along hypotheca base thickened into denticles. Spines, if present along lower 
edge of antapical horns, sometimes stouter and longer in region of recurvature, 
diminishing in size to insignificance at level of base of apical horn. Occasionally. 
smooth margined lists, extending for a very short distance, found along upper 
margins of bases of antapical horns. Apical horn smooth, or ornamented at 
base with minute spines along plate sutures; sometimes a list present on one or 
both sides at base, seen in full dorsal or ventral view, with smooth to serrated 
margins, occasionally supported by spines. Tips of antapical horns sometimes 
slightly inflated. 


TAXON INCERTAE SEDIS 

C. massiliense f. armatum (Karsten) Jorgensen ( 1920): 87. Е. "m 
Ex parte: Schiller (1937): 424, non Fig. 436b (— Jórgensen (1911) Fig. мех 
Rampi (1939): 310, non Fig. 32; Wood (1954): 308, поп Fig. 235b: Sournia 
(1967): 468, non Figs. 87, 88 (— Rampi Fig. 32, Peters (1932) Fig. 16a). (all 
var. massiliense). in. 
C. massiliense var. armatum (Karsten) Jórgensen (1911) ep. 67. non е i 
Fig. 146; Peters (1932): 50, non РІ. 3, Fig. 16a: Graham & Bron sky (1944): 
38, non Fig. 22L, (all = var. massiliense); Sournia (069) E Па 

С. tripos var. macroceras f. armata Karsten (1905): 132781219; Figs. 7, 
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C. tripos longipes var. cristata Karsten (1907): 413, e.p., Pl. 48, Fig. 12a, b non 
с (= var. massiliense). 


Diagnosis: Distinguished by the presence of long spines along the lower edges 
of the antapical horns; these spines are still very prominent at the level of the 
base of the apical horn. Differs from specimens of C. tenue with very spiny 
antapical horns only on grounds of size, the girdle diameter here being > 60 u. 


The relationship between C. massiliense var. massiliense and the specimens 
described by Karsten as C. tripos var. macroceras f. armata, and C. longipes var. 
cristata, included in the synonomy of var. armatum by Jórgensen (1911) is 
problematic. Karsten's iconotype of f. armata shows a var. massiliense-like 
individual in which the left horn MBC degree co-ordinate is 907, the antapical 
horns are not much longer than twice the body length and have tapered rounded 
tips. Both apical and antapical horns are ornamented for about three quarters 
of their length, beyond the level of the base of the apical horn, by lists which 
are supported by longish stout spines, which do not decrease much in size 
distally, are relatively long at the level of the base of the apical horn and are 
more like the spiny lists found in some specimens of C. tenue. Karsten later 
(1906: 146) considered f. armata to belong to “С. tripos horridum" (— C. tenue). 
However, the girdle diameter of Figs. 7 and 8, calculated from the somewhat 
confusing scale, appears to be larger than 65 и, which is too big for C. tenue. 
The specimens of var. cristata of Fig. 12a, b, with a left horn MBC degree co- 
ordinate — 90^, have smooth lists along the proximal part of the apical horn and 
spiny lists along the base of the hypotheca as well as the lower margins of the 
antapical horns. The spines are also largish and more typical of C. tenue; they 
decrease in size distally, but are still quite long beyond the level of the base of 
the apical horn. The antapical horns are truncated. The specimen in Fig. 12c, 
described as having a newly formed antapical half, lacks any lists or spines on 
the antapical horns and hypotheca base. 

Other specimens depicted by Karsten and attributed to var. armatum by 
Jórgensen аге: “С. tripos longipes f. ventricosa" (1906) and “С. tripos longipes" 
(1907, РІ. 51, Figs. 12, 13). Later original figures of specimens referred to as var. 
or f. armatum are those of Jórgensen (1911), Peters (1932 РІ. 3, Fig. 16b) who de- 
picts another specimen with virtually identical lists and spines as “С. massiliense 
... robust” in РІ. 1, Fig. 2b, Rampi (1939), Graham & Bronikowsky (1944) and 
Wood (1954). In none are the antapical horn lists supported by spines as de- 
scribed above. The apical horns are shown without lists, or with lists on either 
side of the base or proximal part, which are smooth, serrated or supported by 
spines. The proximal parts of the antapical horns have denticle-like spines or 
lists supported by spines, which are smaller than those depicted by Karsten in 
f. armata and ‘var. cristata’; they are longest in the region of recurvature and 
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decrease in size distally, so that at the level of the base of the apical horn they 
are minute or absent. In one instance denticle-like spines are shown along the 
base of the hypotheca. In Karsten's figure of f. ventricosa, the antapical horns 
are similar to those depicted in his f. armata, while in the other figures mentioned, 
they are long or obviously truncated. C. massiliense f. armatum is mentioned, 
without any figures, by Jórgensen (1920), Gaarder (1954), Taylor (1967), and as 
C. macroceras f. armata by Nel (1968). 

NGY specimens were found with horn ornamentation as just described, save 
that in no instances were the lists of the apical horns traversed by supporting 
spines. There was a complete gradation in antapical horn ornamentation to 
smooth antapical horns lacking lists along the lower margins. 

Apart from Karsten's figures of f. armata and ‘var. cristata’ (Fig. 12a, b) the 
specimens depicted in the literature and named or cited as “С. massiliense f. or 
var. armatum (Kars.) Jórg." are here regarced as specimens of var. massiliense. 
The true position of Karsten's f. armata and ‘var. cristata’ is uncertain. 


C. massiliense var. carriense (Gourret) Reinecke comb. nov. (See Figs. 13 
F-H and 16.) 

C. carriense Gourret (1883): 38, Pl. 4, Fig. 57; Jórgensen (1911): 68, PI. 8, Fig. 
147a, b; (1920): 89, Fig. 81; Schröder (1911): 646; Forti (1922): 68, РІ. 4, Fig. 54; 
Paulsen (1930): 90; Peters (1932): 50, РІ. 2, Fig. 10h; Schiller (1937): 425. Fig. 
464a (— Jórgensen 147a), b; Rampi (1939): 310, Fig. 35; Graham & Broni- 
kowsky (1944): 39, Fig. 22A; Wood (1954): 308; Halim (1960): 179; López 
(1966): 333, Figs. 47, 48; Steidinger & Williams (1970): 44, Fig. 13a, b. 

C. cariense: Steemann Nielsen (1934): 26; (1939): 14. 

C. carriense var. carriense: Sournia (1966): 1982; (1967): 470. 

C. carriense f. eucarriense Böhm (1931а): 363. 

C. carriense var. volans (Cleve) Jórgensen (1911): 70, РІ. 8, Figs. 148a, b, 149a, 
b; (1920): 90; Schróder (1911): 646; Pavillard (1916): 17, Pl. І, Fig. 4; (1931): 
89; Forti (1922): 69, РІ. 4, Fig. 55 ( —Jórgensen Fig. 149a); Dangeard (1927): 
378; Paulsen (1930): 90, Fig. 57A-D; Steenmann Nielsen (1934): 26, Fig. 64: 
Silva (1955): 172, e.p., Pl. 9, Figs. 6-8, non 5 (— C. tenue on account of size); 
Sournia (1966): 3; (1967): 470; Steidinger & Williams (1970): 44, Fig. 14a. b. 
C. carriense f. volans (Cleve) Bóhm (1931а): 363; Peters (1932): 50; Schiller 
(1937): 426, Fig. 465 (— Jórgensen Fig. 149a); Rampi (1939): 310, Fig. 37; Wood 
(1954): 309, Fig. 236a; Halim (1960): 79, РІ. 5, Fig. 11; (1963): 499. 

C. carriense subsp. volans (Cleve) Margalef & Duran (1953): 42, Fig. 121. 

C. carriense volans: López (1966): 333, Fig. 49. | 

С. carriense *carriense-volans" : Sournia (1966): 1982, (1967): 471. 


*(See comment under var. massiliense} 
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C. (tripos var.?) volans Cleve (19002): 15, РІ. 7, Fig. 4. 

C. tripos volans: Karsten (1906)* : 144, РІ. 21, Fig. 19a, b, 20, 20a. 

C. volans (Cleve) Ostenfeld & Schmidt (1901): 168, Fig. 21; Pavillard (1905): 
54, e.p., non РІ. 1, Fig. 1 (— var. massiliense); Pavillard (1931) РІ. 3, Fig. 5A; 
Okamura (1907)*: 130, e.p., РІ. 4, Fig. 18b, поп а, c-e (18a = C. tenue, c-e = 
var. massiliense). 

Non “С. volans forma": Schróder (1906)*: 363, Fig. 34 (— var. massiliense). 
C. volans var. elegans (Schróder) Pavillard (1931) Pl. 3, Fig. 5B. 

C. tripos volans var. elegans (Schróder) Karsten (1907): 409, РІ. 49, Fig. 18a, b. 
C. elegans Schróder (1906): 364, Fig. 36. 

C. carriense var. volans f. rectangulatum Jórgensen (1920): 90, Fig. 82, (— 
Jörgensen Fig. 148a). 

C. carriense var. volans f. parallela Pavillard (1923): 916, Fig. C. 

C. tripos volans f. strictissima Karsten (1906): 144, РІ. 21, Fig. 21. 

C. tripos volans var. tenuissima Karsten (1907): 409, e.p., РІ. 49, Fig. 17b, non a 
(— C. tenue). 

Non C. tripos volans f. recurvata Karsten (1906): 144, Pl. 21, Fig. 22 (= C. tenue). 
C. carriense f. ceylanicum (Schróder) Jórgensen (1911): 70, РІ. 8, Fig. 150a, b; 
Böhm (1931а): 363; (19315): 37; Peters (1932): 50; Steemann Nielsen (1934): 
27; Schiller (1937): 427; Wood (1954): 309, Fig. 236b; Gaarder (1954): 11. 

C. carriense var. ceylanicum (Schróder) Schróder (1911): 647. 

C. ceylanicum Schróder (1906): 363, Fig. 35; Pavillard (1931): 92, РІ. 3, Fig. 6. 
C. carriense f. hundhausenii (Schróder) Wood (1954): 309. 

C. hundhausenii Schróder (1906): 364, Fig. 37; non Pavillard (1931) РІ. 3, Fig. 7 
(= C. macroceros) 

Non C. tripos intermedium var. hundhausenii Karsten (1907): 413, P1. 50, Fig. 10 
(= var. massiliense). 

C. tripos var. massiliense Gourret (1883): 27, e.p., Pl. 1, Fig. 2a non 2 (— var. 
massiliense). 

C. massiliense f. ellipticum Bóhm (1931a): 362, e.p., Fig. 17b, non a, 18a, b, 
(Fig. 17b — var. massiliense). 

C. patentissima Ostenfeld & Schmidt (1901): 168, Fig. 22. 

C. patentissimum: Pavillard (1907): 226, Fig. IA, B; Okamura (1907)*: 130, 
Pl. 3, Fig. 2a-c. 

Non C. tripos patentissimum: Karsten (1906): 144, РІ. 21, Fig. 23, 23a (— C. 
tenue). 

C. ostenfeldii Kofoid (1907b): 305, e.p., РІ. 26, Fig. 25, non 22-24 (22, 23 — var. 
massiliense, 24 — C. macroceros). 

C. tripos macroceros: Entz (1902) e.p., Pl. 6, Fig. 42; Karsten (1907): 411, e.p., 
Pl. 49, Fig. 27d, non b (— C. macroceros). 


*(See comment under var. massiliense) 
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C. tripos macroceras var. crassa Karsten (1907): 411, e.p., Pl. 49, Fig. 27e, non 
a, c (a — var. massiliense, c — C. macroceros). 
“Ceratium sp." Chun (1903): 64, Fig. a. 


Diagnosis: Differs from var. massiliense (and f. armatum) in that the left horn 
degree co-ordinate with the 150 и radius co-ordinate is — 130°. 


Taxonomic history and present treatment: Jórgensen (1911) separated C. carriense 
from “С. carriense var. volans! on the grounds that in C. carriense the antapical 
horns are stouter, less spreading, usually more coarsely denticulate, with the 
right horn more evenly curved; the base of the hypotheca is more depressed be- 
tween the antapical horns; the angle made by projections of the girdle and hypo- 
theca base is larger; the left profile of the hypotheca is more oblique and the 
right profile of the epitheca is more convex. 

In neither Gourret's figure of C. carriense nor Cleve's figure of C. volans 
can the spread of the antapical horns be determined, because only the proximal 
parts are shown. In both figures, the antapical horns are of similar thickness and 
the left profile of the hypotheca is oblique; in Cleve's figure, the antapical horns 
are ornamented with coarsely serrated lists, in Gourret's, lists and spines are 
absent; the right horn MRC occurs approximately between the 30 and 45 и 
radius co-ordinates in Cleve's figure, and approximately between the 30 and 
60 u co-ordinates in that of Gourret. 

As Gourret's specimen of C. carriense is drawn tilted, the true degree of 
depression of the hypotheca base between the antapical horns cannot be deter- 
mined and polar co-ordinate measurements are not accurate. A comparison 
of Jórgensen's Fig. 147b of “С. carriense’ and 148b of ‘C. carriense var. volans" 
shows an identical degree of depression of the hypotheca base, almost the same 
angle between the girdle and hypotheca base, and the right profile is more convex 
in Fig. 148b. In Paulsen's Figs. 57A and C of ‘C. carriense var. volans’ the right 
horn is as evenly curved as in Gourret’s Fig. 57. | 

Graham & Bronikowsky (1944) did not subdivide C. carriense into varieties 
because of the numerous intergrades. Steemann Nielsen (1939) wrote: “ES rsi 
die ürsprungliche Varietat volans (Cleve), die ich unter dem Namen C. carriense 
angebe. Die ürsprungliche Hauptart ist wohl meistens zum Artenkomplex 
C. massiliense mitgerechnet worden." Sournia (1966, 1967), while retaining var. 
carriense and ‘var. volans’, recognised the presence of intermediates, which һе 
named, unconventionally, "earriense—volans". From the values of their left 
horn degree co-ordinates with the 150 and 300 u radius co-ordinates, the 
specimens depicted in the literature which are cited by Sournia as intermediates. 
represent all three of the previously mentioned groups found in the МОЛ 


specimens. 
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It has been noted that the polar co-ordinate measurements of antapical horn 
curvature of specimens from the literature blurred the discontinuity between 
the two groups of NGY specimens approximating Jórgensen's concept of C. 
carriense. The subdivision of var. carriense into two taxa is indeed unjustified. 
It is of interest to note that, had two varieties been recognised, based on the 
left horn degree co-ordinate with the 300 м radius co-ordinate, in specimens in 
which the left horn degree co-ordinate with the 150 u radius co-ordinate was 
< 130°, the epithets ‘carriense’ and *volans would have had to to have been 
discarded. 

Description: Antapical horn curvature: In specimens examined, both horns always 
curved backwards initially, left horn base making an indistinct to an obvious 
angle with the base of the hypotheca, usually the latter; horns long and disposi- 
tion of distal parts very variable, often differing in right and left horns of same 
specimen; distal parts may be spreading to roughly parallel (о the apical horn, 
sometimes recurved posteriorly, sometimes slightly undulating. Polar co-ordinate 
measurements of curvature: Left horn: MBC co-ordinates 60-847, usually 60-807, 
апа 9-57 u, mostly 15-45 м; degree co-ordinates with 15 и radius co-ordinate 
50—85°, very rarely < 50°, mostly 50-702; with 105 и, 79-123°, mostly 95-115^; 
with 150 и, 93-129°, mostly 100-125^; with 300 и, 108-151^; MRC occurs 
between 15 and 75 u radius co-ordinates, very rarely beyond 75 и, and is 6-27”, 
mostly 7-15%; 199 0,21-1,73, mostly 0,40-1,25; үү 0,20-1,42, mostly 0,30-0,90. 
Right horn: MBC degree co-ordinate 47-847, mostly 50-80”, up to about 20 
greater or less than in left horn; MBC radius co-ordinate very variable, 18-492 
p, mostly 37-150 и, slightly less, to up to 480 и greater, than іп left horn; 
degree co-ordinate with 15 м radius co-ordinate 20-80^, mostly 35-657, up to 
25° less, and 43° greater, than in left horn; degree co-ordinate with 105 и radius 
co-ordinate 60-110°, mostly 65-95%; with 150 м, 70-1107; with 300 и, 75-125”; 
MRC occurs between 15 and 75 м radius co-ordinates, very rarely beyond 75 p, 
and is 3-14^, (20° recorded in one case), mostly 3-107; E very variable, 1,30- 
10,48 (0,81 recorded in a single case). Sum of left and right horn MRC's 12—33°, 
(about 47° in Jórgensen's figure of “С. carriense f. ceylanicum (Schr.) Jorg.’, 
(1911) Fig. 150). (See Fig. 11.) 

Dimensions: In NG Y specimens: girdle diameter 60-78 ш; length hypotheca 
39-54 u; length epitheca 21-42 и; length apical horn 285-750 и; angle made 
by projections of hypotheca base and girdle 19-317. From literature: diameter 
63-77 p (Jorgensen 1911), up to 148 џ (Steidinger & Williams 1970—they give 
range of measurements as 56-148 м, specimens — 60 шіп diameter are here 
treated as belonging to C. tenue); length apical horn 300-875 и, angle between 
hypotheca base and girdle 22-27” (Jórgensen 1911). (See Fig. 10.) 

Thecal ornamentation: As in var. massiliense; thecal wall generally not heavily 
thickened and extreme development of lists and spines not usually found: 
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specimens with initially very spreading antapical horns tend to have smooth 
horns and apart from the sulcal list, only a list between the base of the left horn 
and hypotheca. 


Distribution: The distribution of C. massiliense in NGY Agulhas current stations 
is shown in Tables 1 and 2. In specimens from this area, there appeared to be по 
correlation between variation in size, antapical horn curvature and thecal orna- 
mentation and temperature and neritic and oceanic conditions. Previous records 
for this area are those of Taylor (1967), as “С. carriense f. carriense’ and *f. 
volans’ and “С. massiliense var. armatum’, “С. massiliense intermediate form" 
and ‘C. massiliense var. macroceroides’, and Nel (1968) as “С. carriense’, “С. 
tripos volans’, “С. tripos volans var. tennuissima', “С. macroceras f. armata’, 
“С. macroceras var. crassa’, “С. massiliense f. macroceroides’ and “С. massiliense 
f. protuberans’. 

Var. massiliense is a neritic and oceanic warm water taxon, found in all 
oceans and the Mediterranean. Graham & Bronikowsky (1944) recorded it at an 
in situ temperature range of 10,6-29,52С in the Pacific and М. Atlantic, where 
they described it as a tropical taxon, but very tolerant of temperatures below 
19*C, most frequent in surface samples, one of the most common taxa of the 
genus, which could be displaced by ocean currents. In NGY samples, var. 
massiliense was not as common as thus indicated. Specimens with thicker 
thecal walls and more spinose horns, attributed to f. armatum by previous 
authors, and here treated as belonging to var. massiliense, were, in most cases, 
reported from cooler waters. Karsten's specimens C. tripos macroceras f. armata 
and C. tripos longipes var. cristata, provisionally treated as f. armatum were 
found in the S. Atlantic and S. Indian oceans at stations at 40° 31^ S., 1526,5” E. 
and 41885,5255 7/0223 УНЕ 

Var. carriense has a distribution similar to that of var. massiliense, but is rarer. 
Graham & Bronikowsky found that it did not extend as far outside the tropical 
regions, and recorded it at an in situ temperature range of 12,5-29,5*C. 


Ceratium tenue Ostenfeld & Schmidt (1901): 166, Fig. 18. 


Jórgensen (1911): 77, РІ. 9, fig. 163; Mangin (1912): 26, Fig. 11, p.p., (excluding 
large specimens which are C. massiliense (Gour.) Kars.); Pavillard (1916): 18, 
РІ. 1, Fig. 5; Forti (1922): 74; Steemann Nielsen (1934): 28, Fig. 69; (1939): 
15; Nie (1936): 71, Fig. 34; Graham & Bronikowsky (1944): 43. 

C. tenue var. buceros (Zach.) Jórgensen (1911): 78, Pl. 9, Figs. 164-166; Forti 
(1922): 74. 

C. tenue f. inclinatum (Kof.) Jórgensen (1911): 78, РІ. 9. Figs. 162, 163. 

C. tenue var. inclinatum (Kof.) Graham & Bronikowsky (1944): 43, Fig. 26C. 
C. renue var. tenuissimum (Kof.) Graham & Bronikowsky (1944): 43, Fig. 26D. 
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C. buceros f. tenue (О. & S.) Schiller (1937): 415, Fig. 456a, b (a— Bóhm (1931а) 
Fig. 20, b — Jórgensen (1911) Fig. 163); Rampi (1942): 226, Fig. 9; Gaarder 
(1954): 10; Wood (1954): 302, Fig. 231a; Halim (1960): 179, РІ. 5, Fig. 16; 
(1963): 499, Fig. 33; Cassie (1961): 18; Nel (1968); Thorrington Smith (1969); 
Steidinger & Williams (1970): 44, Fig. 12. 

C. buceros var. tenue (O. & S.) Wood (1963): 5. 

C. buceros tenue: López (1966): 333, Fig. 41. 

C. horridum subsp. buceros var. tenue (O. & S.) Jórgensen (1920): 97; Silva 
(1949): 362; Margalef & Duran (1953): 42, Fig. 12g-1. 

C. horridum var. tenue (О. & S.) Bóhm (1931a): 365, Fig. 20; (1931b): 41. 
? C. horridum subsp. tenue: Dangeard (1927): 379, non Fig. 43a ( — C. trichoceros 
(Ehb.) Kof.). 

? C. tripos var. horrida Cleve (1897): 302, РІ. 1, Fig. 4. 

C. horridum (Cl.) Gran (1902): 194; Ostenfeld (1903): 584; Okamura (1907): 
129, р.р., поп РІ. 4, Fig. 23 (probably a freak specimen of C. macroceros (Ehb.) 
Cl. as ratio = about 1,29); Jórgensen (1920)*: 96; Lebour (1925)*: 155, РІ. 34, 
Fig.2; Dangeard (1927)* : 378; Paulsen (1930)*: 91, Fig. 59A-C: Bohm (1931 аг 
365; (1931b)*: 41, Peters (1932)*: 51; Schiller (1937)* : 413, Fig. 455a, b non c 
(a after Peters, b — Jórgensen (1911) Fig. 176, с, original, — C. massiliense as 
diameter about 70 u); Silva (1949)*: 362, e.p., (not specimens with diameter 
> 60 и); Gaarder (1954)*: 12; Wood (1954)*: 300, Fig. 230a, b; (1963)*: 10; 
Halim (1960)*: 180, РІ. 5, Fig. 10; (1963)*: 499, Fig. 32; Cassie (1961)*: 18. 
РІ. 7, Fig. 12; López (1966)*: 333, Figs. 42, 43; Taylor (1967)* : 463; Nel (1968): 
Steidinger & Williams (1970): 46; non Wailes (1928)* РІ. 1, Fig. 1 ( = C. longipes 
(Bail.) Gran). 

C. horridum subsp. a horridum: Jorgensen (1920): 97. 

C. (macroceros subsp.) horridum: Gran (1902): 193 (in key). 

C. horridum var. horridum: Graham & Bronikowsky (1944): 42, Figs. 24С 1, 
25A-C, G non E, F (— C. massiliense on account of size); Sournia (1966): 1982: 
(1967): 476, Fig. 91; Paredes (1969/70): 43, РІ. 21, Fig. 146. 

C. horridum var. genuina Gran (1902): 195. 

C. horridum var. genuinum: Dangeard (1927): 379: 

C. horridum а, genuinum: Jórgensen (1920): 97, Fig. 86. 

C. horridum subsp. horridum var. genuinum: Jörgensen (1920): 97. 

C. horridum f. genuina (Gran) Ostenfeld (1903): 585. 

C. horridum f. genuinum: Peters (1932): 54. | 

“С. horridum (СТ) f. typica Gran" Ostenfeld (1903): 585, Figs. 136. 137. 

C. horridum f. laevis Okamura (1907): 129, p.p.. РІ. 4. Fig. 216 non d. f h(g 

C. contortum (our) Cl. d. Е C. massiliense on account of size). 


* Species cited as C. horridum Gran; by Dangeard as С. horridum (Gran) Jorg 
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C. tripos В macroceros f. intermedia Jórgensen (1899): 42, РІ, 1, Fig. 10. 

C. horridum var. intermedia (Jórg.) Gran (1902): 195. 

C. horridum subsp. horridum var. intermedia: Jórgensen (1920): 97. 

C. horridum f. intermedia (Jórg.) Ostenfeld (1903): 585, Fig. 139; Okamura 
(1907): 129, p.p., Pl. 4, Fig. 21b non a, c (— C. massiliense on account of size). 
“Intermediate between C. horridum f. typica and f. intermedia" : Ostenfeld (1903): 
585, Fig. 138. 

C. intermedium (Jórg.) Jörgensen (1605): 111; (1911): 83, Pl. 10, Figs. 174-176; 
Pavillard (1905): 53; (1907): 228; (1931): 91; Paulsen (1907): 22; (1908): 83; 
Ostenfeld (1931): 615; Wang (1936): 163, Fig. 31; Silva & Pinto (1948): 172, 
РІ. 2, Fig. 14; ?Wang & Nie (1932): 300, Fig. 13 (diameter given as 60 д— позе. 
likely is C. massiliense). 

C. intermedium f. spinifera Paulsen (1907): 22; (1908): 83, Fig. 111 (— Ostenfeld 
(1903) Fig. 136). 

C. intermedium f. typica Paulsen (1907): 22; (1908): 83, 84, Fig. 112 (= Ostenfeld 
(1903) Fig. 139). 

C. intermedium f. frigida Paulsen (1907): 22, Fig. 32; (1908): 83, 84, Fig. 113. 
C. horridum subsp. horridum f. frigida (Pauls.) Jórgensen (1920): 97 (also re- 
ferred to by Jórgensen (l.c.) as f. gracilis). 

C. batavum Paulsen (1907): 23, Fig. 33a-d; (1908): 84, Fig. 114. 

C. intermedium f. batavum (Pauls.) Jórgensen (1911): 83, 124, РІ. 10, Fig. 177. 
C. intermedium var. batavum (Pauls.) Ostenfeld (1931): 616. 

C. horridum subsp. horridum var. batavum (Pauls.) Jórgensen (1920): 97. 

C. buceros Zacharias (1906): 551, Fig. 15; Schiller (1937): 415; Wood (1954): 
301; Cassie (1961): 18; Nel (1968). 

C. tripos buceros (Zach.) Karsten (1907): 409, РІ. 48, Fig. 16, лоп РІ. 51, Fig. 8 
(- C. recurvum (Jórg.) Reinecke). 

C. horridum subsp. buceros (Zach.) Jórgensen (1920): 97, Fig. 90; Dangeard 
(1927): 379. 

C. horridum subsp. buceros f. buceros (Zach.) Jórgensen (1920): 97; Silva (1949): 
362 РЈ 7, Fig. 6. 

C. horridum f. buceros: Böhm (19312): 365. 

C. horridum var. buceros (Zach.) Sournia (1966): 1982; (1967): 477, Fig. 95. 
C. horridum “horridum—buceros” Sournia (1966): 1982; (1967): 480, Fig. 92. 
C. horridum “horridum > buceros" Sournia (1967): 480, Fig. 94. 

C. horridum “buceros > horridum" Sournia (1967): 480, Fig. 93. 

C. inclinatum Kofoid (1907b): 303, РІ. 25, figs. 16-21; Pavillard (1931): 91. 
C. tripos inclinatum (Kof.) Karsten (1907): 412, 413, РІ. 49, Figs. 19, 20. 

C. horridum subsp. buceros f. inclinatum (Kof.) Jórgensen (1920): 97, (as a form 
of subsp. buceros var. tenue), Fig. 88 (= Jörgensen (1911) Fig. 162a); Silva 
(1949): 362, Pl. 7, Fig. 5. 


Studies іп the Genus Ceratium Schrank 345 


C. horridum f. inclinatum: Bóhm (1931a): 365; (1931b): 41, Fig. 36d, e. 

C. buceros f. inclinatum (Kof.) Schiller (1937): 415, Fig. 456c (— Jórgensen 
(1911) Fig. 162a); Rampi (1942): 226, Fig. 16; Gaarder (1954): 10; Wood 
(1954): 302, Fig. 231b, c; Silva (1956): 22; Halim (1960): 179, PI. 5, Fig. 17; 
Taylor (1967): 462; Nel (1968). 

Non C. tripos inclinatum var. minor Karsten (1907): 412, PI. 51, Fig. 9a, b (pro- 
bably — C. declinatum Kars.). 

C. mollis Kofoid (1907b): 304, PI. 27, Fig. 29. 

C. molle Kof.: Jorgensen (1911): 81, PI. 9, Fig. 170, Pl. 10, Figs. 171, 172; Schröder 
(1911): 647; Pavillard (1916): 19; (1931): 90; Forti (1922): 75; Steemann Nielsen 
(1934): 28, Fig. 71; (1939): 15; Wang (1936): 162, Fig. 30. 

C. horridum subsp. buceros var. molle (Kof.) Jórgensen (1920): 97, Fig. 87; non 
Margalef & Duran (1953): 42, Fig 12j, k (= C. massiliense on account of size). 
C. horridum subsp. buceros var. molle: Silva (1949): 362, Pl. 7, Fig. 7, Pl. 9, Fig. 13. 
C. horridum var. molle: Bóhm (1931a): 365; (1931b): 41, Fig. 36a-c; Graham & 
Bronikowsky (1944): 42, Figs, 231, K, 25D. 

C. buceros f. molle (Kof.) Schiller (1937): 417, Fig. 457a (— Jórgensen (1911) 
Fig. 170); Rampi (1942): 226, Fig. 17; Gaarder (1954): 10; Wood (1954): 303, 
Fig. 231g; Silva (1956): 22; Halim (1960) РІ. 5, fig. 13; Cassie (1961): 18, РІ. 
7, Fig. 14. 

C. buceros var. molle (Kof.) Wood (1963): 5. 

C. buceros molle: López (1966): 333, Fig. 39, 40. 

C. tenuissimum Kofoid (1907b): 307, Pl. 29, Figs. 32, 33; Paulsen (1930): 93, 
Fig. 60A, B. 

C. tripos volans var. tenuissima (Kof.) Karsten (1907): 409, РІ. 49, Fig. 17a non 
b (— C. massiliense var. carriense (Gour.) Reinecke, on account of size). 

C. horridum subsp. buceros f. tenuissimum (Kof.) Jórgensen (1920): 97, Fig. 89 
(= Jorgensen (1911) Fig. 166 under C. tenue var. buceros). 

C. horridum f. tenuissimum (Kof.) Bóhm (1931a): 365. 

C. buceros f. tenuissimum (Kof.) Schiller (1937): 417, Fig. 457a (— Jórgensen 
(1911) Fig. 166); Rampi (1942): 227, Fig. 18: Gaarder (1954): 10; Wood (1954): 
303, Fig. 231h; Halim (1963): 499, Fig. 34. 

Non C. tripos macroceras var. tenuissima n. var. Karsten (1907): 411, РІ. 49, 
Fig. 28 (— C. macroceros). 

C. horridum subsp. buceros var. denticulatum Jorgensen (1920): 975 Fic. О 
C. horridum subsp. buceros f. denticulatum (Jórg.) Silva (1949): 352, PI. 7, Fig. 8. 
C. denticulatum (Jörg.) Paulsen (1930): 93, Fig. 61. 

C. horridum f. denticulatum (Jörg.) Böhm (1931a): 365; (1931b): 41, Fig. 36f, 2. 
С. buceros f. denticulatum (Jórg.) Schiller (1937): 417, Fig. 457b (— Paulsen 
(1930) Fig. 61); Rampi (1942): 227, Fig. 15; Wood (1954): 303, Fig. 281 
Halim (1960): 179; Cassie (1961): 18; Nel (1968); Thorrington Smith (1969). 
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C. claviger Kofoid (19072): 170, РІ. 4, Fig. 27; Jorgensen (1911): 80, РІ. 9, Figs. 
168, 169; Pavillard (1916): 18, Pl. 1, Fig. 6 (queried by him, as tips of antapical 
horns not shown); Steemann Nielsen (1934): 28, Fig. 70. 

C. horridum subsp. buceros f. claviger (Kof.) Jórgensen (1920): 97 (suggested by 
him as a form of subsp. buceros var. molle). 

C. horridum subsp. claviger (Kof.) Dangeard (1927): 379. 

C. horridum var. claviger (Kof.) Graham & Bronikowsky (1944): 42, Fig. 23J, L. 
C. horridum f. claviger (Kof.) Sournia (1967): 480. 

C. buceros f. claviger (Kof.) Schiller (1937): 415, Fig. 456e (— Jórgensen (1911) 
Fig. 168); Rampi (1942): 226, Fig. 13; Wood (1954): 303, Fig. 23le, f; Silva 
(1955): 171, РІ. 9, Fig. 4; Halim (1960) РІ. 5, Fig. 12; Nel (1968). 

C. leptosomum: Dangeard (1927): 379, Fig. 43c. 

C. buceros f. leptosomum: Rampi (1942): 226, Fig. 19; Wood (1954): 302, Fig. 
231d; ?Taylor (1967): 462; non Schiller (1937): 415, Fig. 456d (— Jórgensen 
(1911) Fig. 67). 

Non C. leptosomum Jörgensen (1911): 80, PI. 9, Fig. 167 (most like C. macroceros, 
ratio H about 1,06). 

? “C. horridum subsp. buceros, a degenerate form answering to f. californiense 
of С. macroceros subsp. gallicum" : Jörgensen (1920): 98, Fig. 92 (— heteromor- 
phic short horned specimen of uncertain affinity). 

C. volans: Okamura (1907): 130, e.p., Pl. 4, Fig. 18a non b-e(— C. massiliense 
on account of size); non C. (tripos var.?) volans Cleve. 

C. carriense var. volans: Silva (1955): 172, e.p., Pl. 9, Fig. 5 (specimen with small 
diameter). 

C. massiliense: Peters (1932) e.p., Pl. 4, Fig. 17f. 

C. tripos volans f. recurvata Karsten (1906): 144, РІ. 21, Fig. 22. 

C. tripos flagelliferum f. angusta Karsten (1906): 146, e.p., Pl. 22, Fig. 33b non 
а (= C. trichoceros). 

C. tripos flagelliferum var. angusta Karsten (1907): 410, 411, e.p., Pl. 49, Fig. 24b 
non a, с (a = C. trichoceros, b = C. massiliense on account of size). 

? C. flagelliferum var. filiformis Okamura & Nishikawa (1904): 123, Pl. 1, Fig. 11. 
C. tripos patentissimum: Karsten (1906): 144, Pl. 21, Fig. 23, non С. patentissimum 
O. & S. 

C. tripos inversum Karsten (1907): 539 (— C. tripos patentissimum Karsten 1906). 
? C. tripos scoticum Schütt (1892): 308, e.p., Fig. 91 IV non: 266, Fig. 76 IVc 
(— C. macroceros). 

C. macroceras var. scotica (Schütt) Ostenfeld & Schmidt (1901): 167. 

C. tripos macroceros f. undulata Schróder (1900): 16, e.p., Pl. 1, Fig. 17/ non 
К, m (k= C. massiliense, m = C. vultur var. pavillardii (Jórg.) Reinecke). 
C. macroceros: Lebour (1925): 155, e.p., Pl. 35, Fig. 1. 

C. tripos macroceras f. graciosa Stüwe (1909): 274, РІ. 1, Fig. 9. 
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C. tripos sufflatum Stüwe (1909): 274, РІ. 1, Fig. 11. 

Diagnosis: In the specimens examined, C. tenue differs from C. massiliense 
(Gour.) Kars. in that the girdle diameter is — 60 м; C. renue differs from C. 
deflexum (Kof.) Jörg. in that the right horn degree co-ordinate with the 15 p 
radius co-ordinate is — 45^; C. tenue differs from C. trichoceros (Ehb.) Kof. in 
that the left horn МЕС occurs before the 75 y radius co-ordinate; (the single 
specimen of C. tenue in which the left horn МЕС occurred beyond the 75 и 
radius co-ordinate, differed from C. trichoceros in that the left horn degree 
co-ordinate with the 15 и radius co-ordinate was > 90° and the right horn 
МЕС occurred before the 60 и radius co-ordinate); C. tenue differs from 
C. macroceros (Ehb.) C. & L. in that the ratio = is < 0,60. 


Taxonomic history апа present-treatment: С. tenue is the most variable species of 
Ceratium, and, as the synonomy shows, has had an extremely diverse taxonomic 
treatment. Jórgensen (1920) was the first to group its variants together in a single 
species “С, horridum Gran", consisting of two subspecies and a number of 
varieties and forms: subsp. horridum (also referred to by him as a genuinum 
Gran), with the infra-subspecific taxa var. genuinum Gran, var. intermedium 
(Jórg.), var. batavum (Pauls.) and f. frigida (Pauls.) and subsp. buceros (Zach.) 
with the infra-subspecific taxa var. molle (Kof.), var. tenue (O. & S.), Var. 
denticulatum Jórg., f. inclinatum (Kof.), f. tenuissimum (Kof.), f. claviger (Kof.) 
and f. buceros. This procedure was not universally adopted. Schiller (1937), for 
example, referred to “С. horridum Gran" and C. buceros Zach., the latter 
consisting of f. tenue (O. & S.) Jórg., f. inclinatum (Kof.) Jórg., f. leptosomum 
(Jórg.) Sch., f. claviger (Kof.) Jörg., f. molle (Kof.) Jörg., f. tenuissimum (Kof.) 
Jórg. and f. denticulatum (Jórg.) Sch. Sournia (1966, 1967) proposed a new 
treatment “outside the classical taxonomy", reducing the “С. horridum” 
complex to one species with three infraspecific taxa, C. horridum var. horridum 
(СІ.) Gran, var. buceros (Zach.) Sour. and f. claviger (Kof.) Sour. Intermediates 
between var. horridum and var. Бисеков were referred to as “horridum—buceros” 
“horridum > buceros" or “Бисеғоѕ > horridum". 

An examination of the range of variation in specimens of C. tenue in the 
Agulhas current showed that it was quite impossible to delimit any infraspecific 
groups. Ап apparent discontinuity was found in the polar co-ordinate measure- 
ments of the curvature of the right horn, in that the degree co-ordinate with the 
150 ш radius co-ordinate was << 1207 ог > 125" (see Fig. ІЛЕ However, in 
more than half the specimens, the right horn did not extend to the 150 и radius 
co-ordinate, and when the degree co-ordinate for this point was estimated in 
these, the discontinuity was eliminated. In some specimens, measurements of 
antapical horn curvature was further complicated by horn flexibility. (In three 
specimens of С. tenue seen from Oslo Fiord. the right horn degree co-ordinate 
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with the 150 и radius co-ordinate was estimated at between 120 and 130°). See 
Figs 18-20. 

When treated as a single variable species, this species has always been referred 
to as “С. horridum (Cl.) Gran" or “С. horridum Gran". This is incorrect, for, 
following Article 60 of the International Code, which states that “Іп no case 
does a name or an epithet have priority outside its own rank", the species must 
be known as C. tenue Ostenfeld & Schmidt. This is fortunate, for the name 
“С. tripos var. horrida Cleve" might be regarded as a nomen confusum. 

Cleve (1897) wrote of his new taxon C. tripos var. horrida: **. . . resembles 
the var. longipes, but is remarkable for the spines on the horns and the tail . . .". 
In 1900, in the synonomy of “С. tripos longipes Bail.", Cleve (1900b), wrote: 
"5... inclusive var. horrida Cl. l.c. Fig. 4...” referring to his iconotype of C. 
tripos var. horrida. Jórgensen (1905) also considered that Cleve's iconotype 
represented C. longipes (Bail.) Gran, writing: **Cleve's figure . . . clearly shows 
the curved horn which is typical for C. longipes . . .". He maintained this view 
in 1911, commenting that this figure belonged to those illustrations of Cleve 
"which in themselves are impossible to interpret and consequently have only 
brought uncertainty and confusion". In 1920, he referred to “С. horridum 
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Fic. 21. 
С. trichoceros (Ehb.) Kof.: Variation in girdle diameter in specimens from Agulhas current 
NGY samples. Black shading = presence of “basal kink” in left horn, white shading = absence 
of this kink, dotted shading = nature of base of left horn not recorded; single bar indicates 
one specimen. 
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Gran", noting that Cleve's figure of C. tripos var. horrida "may be this species, 
but is at least as likely to represent C. longipes var. oceanicum Ostf.” Most 
authors after Jórgensen cited the taxon as “С. horridum Gran": both Schiller 
(1937) and Wood (1954) writing in the synonomy: “vix C. tripos var. horrida 
Cleve 

C. batavum Paulsen is included in the synonomy of C. tenue, but the specimen 
of Figure 33b accompanying Paulsen’s type description (1907), has a slightly 
curved apical horn.* A numerical assessment, using polar co-ordinate measure- 
ments of apical and antapical horn curvature, of the differences between C. 
tenue, C. longipes and C. arcticum (Ehb.) Cl. would be extremely useful. The 
last two species were not recorded from the Agulhas current samples. Graham 
& Bronikowsky (1944) combined C. longipes and C. arcticum into one species, 
C. arcticum. 

The range of variation in antapical horn curvature in C. tenue is parallelled 
in C. massiliense. Size is the main criterion for the separation of the two species, 
for actual antapical horn curvature is very similar. (See Fig. 10.) In the Agulhas 
current samples, the girdle diameter in C. tenue was < 54 u and in C. massiliense 
> 60 p, so that the species were always easily recognisable. A number of authors 
give girdle diameters for C. tenue in excess of 60 и, and these are treated here as 
pertaining to C. massiliense. Іп general, specimens of C. tenue with spreading 
antapical horns and thin-walled thecae have a diameter of less than 50 y (eg. 
Kofoid (1907b) gives diameters of 35-45 м and 32-42 и for C. tenuissimum and 
C. inclinatum), while in those with less spreading horns and thick thecal walls, 
diameters in excess of 50 џ are recorded (eg. Jörgensen (1911) gives a diameter of 
42-57 џ for C. intermedium). 

The problem of the taxon C. massiliense f. armatum (Kars.) Jorg. has been 
mentioned. In Karsten's figures (1905, РІ. 19, Figs. 7, 8), the spines supporting 
lists along the lower edge of the antapical horns, are prominent beyond the level 
of the base of the apical horn, as is usually the case in specimens of C. tenue 
with spiny antapical lists, and not otherwise the case in C. massiliense. Karsten 
himself later (1906) considered his specimen to belong to C. horridum, but its 
diameter, calculated from the scale of the figure, is in excess of 65 p. 


Variation in thecal ornamentation, horn curvature and relative length: Тһе apical 
horn is straight or very slightly curved. The antapical horns, after the forward 
recurvature, vary from being extremely spreading, lying roughly at right angles 
to the apical horn, to lying parallel to it. Entire antapical horns with closed 
tapered tips, vary in length, from extending to a level about half the length ot 
the body along the apical horn, to extending to roughly the length of the apical 


ж Ostenfeld (1931) commented on “С. intermedium var. batavum’: “. . . perhaps more likely 
belongs to C. longipes.” 
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horn. А list of varying width is almost always present between the base of the 
hypotheca and the base of the left horn, extending a varying distance along the 
base of the hypotheca, sometimes as far as the right side of the sulcus, and to 
the point of MBC on the horn, where it may be supported by a single spine. 

A linear series of variations is found, with the short antapical-horned speci- 
mens in the middle. These generally have thin thecae and spineless horns, or a 
few minute spines along the lower margins of the antapical horns in the region 
of recurvature, and correspond approximately to the original concept of C. tenue 
O. & S. On the one side of the series of variations, the antapical horns become 
thicker proximally, longer, but never the full length of the apical horn, and less 
spreading to roughly parallel to the apical horn. The thecal wall may become 
thicker and ridged, with spines along the proximal part of the apical horn, 
sometimes in four rows along the plate sutures, and along the lower margins of 
the antapical horns. On the antapical horns, the spines vary from small denticles 
to prominent spines supporting lists, when the spines usually extend along the 
horns beyond the level of the base of the apical horn, gradually decreasing in 
size distally and lists may occur right across the base of the hypotheca; generally 
the longer the spines, the less the difference in their length at the base of the horn 
and at the level of the base of the apical horn. Similarly, the apical horn spines 
on the right and left sides may be very prominent, supporting lists, and extending 
along the horn for at least half its length. 

The heaviest spines tend to be found in specimens in which the antapical 
horns are not very spreading, but not always. In specimens corresponding to 
C. intermedium f. frigida Pauls. for example, the horns are parallel to the apical 
horn, proximally stout and smooth, save for a few denticles on the left horn in 
the region of recurvature. Specimens are found either with the antapical horns 
broken, or with closed tapered ends; according to Nie (1936) “often with an 
obscure terminal pore". Sometimes, particularly noticeable in very thick-walled 
specimens, the distal parts of the antapical horns are thin-walled, more slender 
and flexible, often with the tips inflated, sometimes markedly so. This side of the 
linear series of variations may be described in terms of previously described taxa 
thus: C. tenue — C. batavum Pauls. — C. tripos B macroceros f. intermedia Jórg. 
— “С. horridum f. typica Gran" Ost. with C. intermedia f. frigida representing 
specimens with close antapical horns without heavy spines. It is specimens 
exhibiting the above range of variation which are found in colder waters. (See 
Figs. 18H, 19 and 20.) 

On the other side of the linear series of variations, the antapical horns remain 
thin and increase markedly in length, becoming either very spreading, distally 
sometimes recurving outwards or inwards, or, more rarely, lying parallel to 
the apical horn. The distal parts of the antapical horns are flexible, the horn tips 
tapered-rounded and closed, sometimes slightly inflated. The thecal wall is 
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generally thin, the horns smooth or with minute spines, sometimes supporting 
a narrow list along the region of recurvature of the antapical horns. In terms of 
previously described taxa, the linear series of variations is described thus: 
C. tenue — C. inclinatum Kof. — C. buceros Zach., C. horridum subsp. buceros 
var. denticulatum Jórg. and C. tenuissimum Kof., with C. molle Kof. representing 
the thin-horned specimens in which the antapical horns lie parallel to the apical 
horn. These forms are confined to warmer waters. (See Fig. 18 A-G.) 

There is no discontinuity in this series of variations and further, specimens 
are found with smooth antapical horns more or less parallel to the apical horn, 
which are of an intermediate thickness, represented by C. claviger Kot., the first 
specimen figured with clavate horn tips, in this case, bifid in the right horn. (See 
Fig. 19 D.) 


Polar co-ordinate measurements of antapical horn curvature: In some instances, 
distal parts of horns flexible, sometimes curved outwards; horns extend to 
150 z radius in less than half specimens examined. Left horn: MBC co-ordinates 
65-907 and 0-15 p; degree co-ordinate with 15 и radius co-ordinate 70-110^, 
with 105 u, 114-194”, with 195 u, 109-203"; MRC occurs mostly between 15 
and 30 y radius co-ordinates, very rarely beyond up to between 75 апа 90 и 
co-ordinates and is 11-30%; 19 0,00-0,77, mostly — 0,60; E 0,03-.0,56, mostly 
0,10-0,40. Right horn: MBC co-ordinates 59-85% and 3-33 м; degree co-ordinate 
with 15 м radius co-ordinate 50-100^, with 105 и, 85-146^, with 150 u, 83-147^, 
with 195 и, 82-147°; МЕС occurs between 15 and 60 u radius co-ordinates, 
mostly between 15 and 30 p and is 823^; B 0,13-1,25, mostly 0,40-0,80, 
occasionally horn so spreading that 90° co-ordinate not reached. (See Fig. 17.) 
Dimensions: In specimens examined: Girdle diameter 30-54 и (48-54 шіп three 
specimens seen from Oslo Fiord); length body 33-60 u; length hypotheca 15-33 
p; length epitheca 12-30 p; length apical horn 96-735 u. From literature: 
Diameter: 32-45 u (Kofoid (1907)); 36-57 u (Jörgensen 1911); 42-47 u (Lebour 
1925); 35-37 u (Nie 1936); 32-43 u (Steemann Nielsen 1934); average diameter 
of “C. horridum" 44 y, of C. tenue 37 џ (Graham & Bronikowsky 1944); average 
diameter of “С. molle" 40 u, of “С. intermedium" 58 u (Wang 1936, probably 
including specimens of C. massiliense); length apical horn 150-450 u (Jörgensen 
1911). 


Distribution: C. tenue is found in all oceans and the Mediterranean. The forms 
with thin horns on the one side of the line of variations are confined to warmer 
waters, while the forms with thicker horns have a very wide temperature tolerance 
and are cosmopolitan. However, the development of heavy spines along the 
horns appears to be associated with cooler waters, for there are no illustrated 
records of specimens of C. tenue with prominent spines from the tropics. Graham 
& Bronikowsky found both C. tenue and “С. horridum" to be shade species. 
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The distribution of C. tenue in the Agulhas current NGY stations is shown 
in Tables 1 and 2. In the Port Elizabeth line of stations, a wide range of variation 
was generally found at each station, but specimens with heavy spines were not 
common, except at the May cruise station 41, immediately off Port Elizabeth. 
where a number of specimens were seen with thick horns and thecal walls, gen- 
nerally with prominent spines supporting lists along the horns, such as in speci- 
mens from the Faeroes depicted by Ostenfeld (1903). Upwelling occurs off 
Port Elizabeth, and there is a North flowing current inshore of the Agulhas 
current, which originates in the vicinity of Cape Agulhas. It is more probable 
that these heavily spined forms developed as the result of an upwelling. 

Cultur experiments on the effects of temperature on the different forms 
would be helpful in determining the exact nature of this variation. 


Ceratium trichoceros (Ehrenberg) Kofoid (1908a): 362, Figs. 16-19. 

Diagnosis: C. trichoceros is characterised by the fact that the left horn MRC 
occurs beyond the 75 и radius co-ordinate. It differs from those specimens of 
other species of Subsection Macroceras in which the left horn MRC occurs 
beyond the 75 и radius co-ordinate thus: from C. macroceros (Ehb.) Vanh. in 
that the left horn МВС degree co-ordinate is generally > 70°; the few specimens 
of C. trichoceros in which this co-ordinate is << 70^, but > 65", differ from the 
few specimens of C. macroceros in which this co-ordinate is > 65^, in that the 
girdle diameter is < 45 и, while in the specimens of С. macroceros itis = 5546 
from the single specimen of C. massiliense var. massiliense (Gou.) Kars. recorded. 
in that the left horn degree co-ordinate with the 15 м radius co-ordinate is - 90°. 
and from the single specimen of C. massiliense var. carriense (Gour.) Rein. 
recorded, in that in specimens with a girdle diameter > 45 p, the left horn MBC 
degree co-ordinate is > 70°; from the single specimen of C. tenue O. & S. 
recorded in that the left horn degree co-ordinate with the 15 » radius co-ordinate 
is << 90°: from С. deflexum /. sinensis Rein. in that the right horn MBC degree 


co-ordinate is > 40°. 


Taxonomic history and present treatment: The two varieties of C. trichoceros, 
var. trichoceros and var. contrarium (Gour.) Sch. were first combined into one 
species by Schiller (1937), although the evidence suggests that earlier authors, 
in particular Cleve (1900a, b), had treated elements of both as belonging to a 
single taxon. Schiller’s treatment was not universally adopted. | 

Sournia (1967) considered that the differences between the two were quite 
sufficient for their retention as separate species. The differences he listed. fol- 
lowing Jórgensen (1911), were: in C. contrarium (Gour.) Pav., in comparison 
with C. trichoceros, the central body was larger, the left profile of the hy potheca 
more oblique and slightly concave, the epitheca was broader than high and the 
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Fic. 24. 
А-Е, C. trichoceros var. contrarium (Gonur) Sch БЕП, С. trichoceros var. trichoceros (Ehb.) 
Kof.: Showing variation in antapical horn curvature; basal “kink” present in left horn of 
I and K; tips of antapical and apical horns inflated in C; apical horn inflated, with rows of 
spines along plate sutures in J; E, specimen with complete girdle and divergent antapical 
horns; girdle incomplete in others. All specimens from Aguthas current NGY stations. Girdle 
diameter: А 45 4, B 48 и, C 48 p, D 54 p, V. 57 i, F 30 4, G 42 u, H 39 џи, 136 p, Ј 42 y, 
K 36 p, L 39 и. 
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girdle normally developed; the base of the left antapical horn was nearly con- 
tinuous with the base of the hypotheca and lacked a basal “kink” ; the recurva- 
ture of the right horn occurred about one or less than one girdle diameter along 
the horn, (in C. trichoceros about one to two girdle diameters); the antapical 
horns were not symmetrically curved, the right being more abruptly recurved 
and this recurvature occurring more anteriorly than in the left horn. Further 
there were some differences in the distribution of the two species. 

A study of specimens depicted in the literature and from the Agulhas current 
NGY samples, indicates that, while two taxa can be identified, their separation 
into distinct species is not justified. The points of difference listed by Sournia 
are discussed below. 

Examination of the girdle diameter in 140 NGY specimens, measured correct 
to 3 и, showed a discontinuity in the measurements indicating two groups: 
the first with a diameter of 30-42 u, the second with a diameter of 48-60 ш; in 
only three specimens was the diameter 45 u. (Jörgensen (1911) gave the diameter 
of C. trichoceros as 37-48 p and of ‘C. inflexum (Gour.) Kof. (= var. contrarium) 
as 51-68 u.) See Fig. 21. 

Body shape varied regardless of size in both NGY specimens and those 
figured in the literature, and in all 75 NGY specimens measured, (and in Ehren- 
berg's iconotype), the width of the epitheca exceeded its height. 

With regard to development of the girdle, it was sometimes incompletely 
developed in NG Y specimens with a diameter exceeding 50 u. When develop- 
ment of the girdle is incomplete, seen dorsally, the girdle lists are fully developed 
on the left side, becoming less developed to almost non-existant on the right. 
Seen ventrally, the girdle is fully developed on the left side of the sulcus, and 
completely absent or very faintly developed on the right. Sometimes the girdle 
lists are so slightly developed and the thecal wall is so thin, that the girdle is 
almost invisible at low magnification. It is often difficult to judge the nature of 
the girdle in figures from the literature. For example, in both Ehrenberg's icono- 
type and Cleve's figure (1900a) of “С. flagelliferum" the specimens are drawn 
seen ventrally, but the girdle is shown in dorsal aspect, extending right across 
the cell. 

The basal “kink” of the left horn refers to a slight kink of the lower posterior 
edge of the horn about 3 и from its origin adjacent to the hypotheca, the angle 
of the kink projecting outwards. In 16/50 NGY specimens with a diameter ~ 42 
ш. this kink was absent. It was never observed in NGY specimens with a diameter 
> 45 y. In all NGY specimens with this kink, the lower posterior edge of the 
left horn is markedly delimited from the hypotheca base, making an obvious 
angle with it. When the “kink” is absent, the delimitation of the base of the left 
horn from the base of the hypotheca is less marked to almost imperceptible. 
Generally, the larger the girdle diameter, the less apparent is this delimitation. 
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but NGY specimens with diameters of 42 u and 51 и were seen in which the 
angular delimitation between the base of the left horn and the hypotheca was 
virtually the same. (See Fig. 22.) 

A comparison of the curvature of the right and left horns in NGY specimens 
using polar co-ordinates, showed that in the right horn, the MRC occurred at 
the same or at a shorter distance along the horn than the left horn MRC; only 
in one small diametered specimen did the MRC occur further along the right 
horn than the left, (also in Ehrenberg's iconotype). The situation of the MRC 
at a shorter distance along the right horn than along the left was more frequent 
in larger specimens. The ratio ЕМЕС never exceeded 1,75 in specimens with a 
diameter > 45 м. In the smaller specimens, this ratio was as large as 3,81, 


but individuals with low ratios were also found (eg. diameter 42 и, RNC ЦБӘЛІ- 


diameter 39 p, ЕМЕС 1,54). See Table 5. 

It is clear that the above characters do indicate the existance of two taxa, 
but are insufficiently different in the two groups to warrant the establishment 
of two distinct species. 


Description: Base of right horn always delimited from base of hypotheca, making 
a sharp or a rounded angle with it. Base of left horn in var. trichoceros generally 
makes an obvious angle with the base of the hypotheca and often has a slight 
“kink” about 3 и from it; in var. contrarium, base of left horn mostly not 
markedly delimited from base of hypotheca. 

Antapical horn curvature: Initially, proximal parts of horns very spreading; 
polar co-ordinate measurements of horn curvature in specimens examined: 
Left horn: degree co-ordinate with 15 и radius co-ordinate 50-802, generally 
— 70° in var. trichoceros and >> 70° in var. contrarium; MBC degree co-ordinates 
65-857, (— 70? recorded in only three specimens), mostly 72-78% in var. tri- 
choceros and 75—82° in var. contrarium; MBC radius co-ordinate 22-75 y, 
(95 м recorded іп one specimen), mostly 40-62 шіп var. trichoceros and 34-42 u 
in var. contrarium. After initial change from zero point to 15 и radius co- 
ordinate, two patterns of horn curvature are found: in the first, there is a gradual 
increase in rate of change of direction over successive 15 u intervals up to zone 
of MRC; in the second, rate of change over 15 u decreases beyond the 30 u 
radius co-ordinate and then increases to a rate exceeding that between the 15 
and 30 и radius co-ordinates, up to zone of MRC; second pattern usually found 
in var. trichoceros, first in var. contrarium. MRC occurs beyond 75 y radius 
co-ordinate, up to between 150 and 165 м radius co-ordinates in var. trichoceros, 
generally not beyond 120 и in var. contrarium, and is 8-25^, mostly 10-209; 
degree co-ordinate with 150 и radius co-ordinate very variable, 93-156? in 
var. trichoceros, 123-155 in var. contrarium; with 300 u, values from 144-1752 
recorded in the few specimens seen with left horn extending to this level. Right 
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horn: degree co-ordinate with 15 и radius co-ordinate 25-60 , less than in left 
horn by up to 35°; curvature mostly of first type described above; MBC degree 
co-ordinate 50-707, less than in left horn by up to 27^, mostly by 6-207; МВС 
radius co-ordinates 37-120 џ (153 и recorded in one specimen) greater than in 
left horn by up to 60 џ (by 101 џ іп one specimen), (less than in left horn in one 
specimen), mostly 67-105 и in var. trichoceros and 57-78 џ in var. contrarium; 
MRC occurs at same distance along right horn as along left, or at shorter 
distance, rarely further along horn; occurrence of MRC at shorter distance 
along right horn than along left more common in var. contrarium; degree 
co-ordinate with 150 м radius co-ordinate 72-1217: with 300 м, 90-135" in few 
specimens recorded (< 1007 in a single specimen). See Fig. 23. 

Beyond zone of MRC, rate of change of direction of curvature over succes- 
sive 15 p intervals decreases and right and left horns tend to lie roughly parallel 
to one another and apical horn; wall of distal parts of antapical horns tends 
to be thinner and distal parts may be slightly undulating, the latter often the 
the case in var. contrarium, rarely in var. trichoceros. (See Fig. 24.) 

Spreading nature of proximal parts of antapical horns may be measured 
by radius co-ordinate with 90° co-ordinate: 1.90 45-135 u, mostly 80-110 y. in 
var. trichoceros, mostly 60-80 џ in var. contrarium; R90 75-221 p, mostly 
105-115 „in var. trichoceros, mostly 90-125 ш in var. contrarium; ыш 0,94-3,17, 
mostly 1,80-2,85 in var. trichoceros, mostly 1,15-1,80 in var. contrarium; 
ES 1,78-5,95, mostly 2,50-4,00 in var. trichoceros, mostly 1,90-2,50 in var. 
contrarium; ratio = difficult to calculate because of incomplete formation 
of girdle, varies from 0,40-2,80 in specimens measured, is usually higher in 
var. trichoceros than in var. contrarium. 

Thecal ornamentation: Variation in girdle development has been discussed; 
thecal wall generally thin; smooth margined list usually present between base of 
hypotheca and left horn; minute spines sometimes present along lower edge of 
proximal parts of antapical horns in var. trichoceros, very rarely in var. con- 
trarium, (Karsten (1906) РІ. 22, fig. 320, shows spines along upper edges of 
antapical horns as well); minute spines may be present on either side of proximal 
part of apical horn. In var. contrarium, tips of antapical horns occasionally 
clavate to a varying degree, this inflation sometimes retuse; inflated tips ap- 
parently not recorded for var. trichoceros; apical horn sometimes inflated for 
almost entire length and ornamented with minute spines, mostly found in var. 
trichoceros; in specimens of var. contrarium with inflated antapical horn tips. 
tip of apical horn sometimes inflated. Some specimens of var. contrarium with 
markedly thickened thecal walls and incompletely formed girdles were seen in 
the Agulhas current NGY station 41 immediately off Port Elizabeth. (Refer to 
account of distribution of C. тепие.) 


In the Agulhas current NGY samples, all specimens with a girdle diameter 
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> 45 p could be classified as var. contrarium, and those with a diameter < 45 
ш as var. trichoceros, because of the nature of the base of the left horn and 
overall antapical horn curvature. In the literature, when the diameter can only 
be calculated from the figure, it is sometimes difficult to decide which variety is 
being described, particularly when the scale is doubtful, as in the cases of Cleve's 
figure of “С. flagelliferum" and Schiller's figure of C. trichoceros, by implication 
of var. trichoceros, (1937, Fig. 470), where the diameters are estimated as < 42 и, 
but antapical horn curvature and the nature of the base of the left horn, especially 
in Schiller's figure, are more typical of var. contrarium. Steemann Nielsen (1934) 
treated specimens from the Dana Pacific stations with diameters < 42 и as 
С. trichoceros and > 45 y as “С. contrarium. 

Apical horn length varies from about 150-600 u; in NGY specimens, there 
was little difference in horn length between the varieties; tips of antapical horns 
were generally below level of apex of apical horn, sometimes tips of all three 
horns were at same level; Entz (1902 Fig. 43) depicts a specimen of C. trichoceros, 
variety uncertain, in which the length of the antapical horns exceeds that of the 
long apical horn. 


Distribution: C. trichoceros is a common species recorded from all oceans and 
the Mediterranean. Steemann Nielsen (1934, 1939) considered both var. tri- 
choceros and var. contrarium to be surface species, but Graham & Bronikowsky 
(1944) found more records of var. trichoceros at 100 m than at upper levels in 
the Carnegie samples. Both authors found var. contrarium in tropical and 
subtropical waters, while var. trichoceros appeared to be a more strictly tropical 
taxon. Іп situ temperatures recorded by Graham & Bronikowsky for var. tri- 
choceros were 14,0-29,4^C, and for var. contrarium, 10,2-29,5?C. Steemann 
Nielsen and Sournia (1967) found var. trichoceros to be indifferently oceanic and 
neritic, and var. contrarium clearly oceanic. This is supported by the records of 
Davis & Steidinger (1966) and Steidinger & Williams (1970) for neritic waters 
off Florida. In the numerical survey of Agulhas current NGY stations phyto- 
plankton, a distinction between the two varieties was, unfortunately, not made. 
However, random measurements of girdle diameters show that for the neritic 
stations off Port Elizabeth, NGY 11 and 41, at least 5/24 and 3/5 specimens, 
respectively, could be classified as var. contrarium. (See Tables 1 and 2.) 

Earlier records for the Agulhas current and S. W. Indian ocean are those 
of Karsten (1907) and Nel (1968), who used Karsten's nomenclature, recording 
С. trichoceros, “С. tripos flagelliferum', and its varieties ‘angusta’, ‘crassa’ and 
*major', Taylor (1967) and Thorrington Smith (1969), both of whom did not 
distinguish between the varieties. 


Ceratium trichoceros var. trichoceros 
C. trichoceros (Ehrenberg) Kofoid (1908a): 362, Fig. 16-19; (1908b): 338; 
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Jórgensen (1911): 75, Pl. 9, Fig. 159a, b; (1920): 95, Fig. 85; Schróder (1911): 
647 (as C. trichoceras); Forti (1922): 71, РІ. 5, Fig. 57 ( : Jorgensen Fig. 159a); 
Pavillard (1931): 90, РІ. 3, Fig. 4; Bóhm (1931a): 363; (1931b): 40; Wang & Nie 
11983212303, Fig. 15; Peters (1932): 51, РІ. 1, Fig. Зас, поп Pl. 4, Fig. 17а 
(— var. contrarium); Steemann Nielsen (1934): 27, Fig. 68; (1939): 15; Nie 
(1936): 70, Fig. 32a, b and ? c (could be var. contrarium); Schiller (1937): 430, 
Fig. 470; Graham & Bronikowsky (1944): 40, Fig. 22B; Silva (1949): 361, РІ. 
7, Fig. 4; Wood (1954): 311, Fig. 239a; Halim (1960): 180, РІ. 5, Fig. 18; (1963): 
499, Fig. 31; Ballantine (1961): 225, Fig. 57; Klement (1964): 358; López (1966): 
333, Figs. 44, 45; Davis & Steidinger (1966) Figs. 1-4; Sournia (1967): 472, 
Fig. 89; Steidinger & Williams (1970): 47, р.р., Fig. 36a-d, (includes var. 
contrarium). 

C. flagelliferum Cleve (19002): 14, e.p., Pl. 7, Fig. 12; (1900b): 217, e.p.; (both 
include var. contrarium); Okamura & Nishikawa (1904): 123, РІ. 1, Fig. 6 
non 7 (— var. contrarium). 

C. tripos flagelliferum (Cleve) Karsten (1906): 145, 148, РІ. 22, Fig. 31b поп 
31а, c, d (= var. contrarium). 

C. tripos flagelliferum f. crassa Karsten (1906): 146, 148, РІ. 22, Fig. 32a non 
b (— var. contrarium); nec Karsten (1907) РІ. 49, Fig. 25a-c (-- C. massiliense 
var. massiliense). 

C. tripos flagelliferum f. atlantica Stiiwe (1909): 274, PI. 1, Fig. 10 (if scale correct). 
C. trichoceros f. crassum (Karst.) Jórgensen (1911): 76. 

C. contrarium: Margalef (1957): 47, Fig. 3f; Paredes (1969/70): 42, e.p., Pl. 21, 
Fig. 147 (includes var. contrarium). 

C. trichoceros var. contrarium: Klement (1964): 358, РІ. 3, Fig. 5. 

Peridinium trichoceros Ehrenberg (1860): 791; (1873): 3, РІ. 1, Fig. 1. 

? Non C. flagelliferum var. filiformis Okamura & Nishikawa (1904): 123, Pl. 1, 
Fig. 11 (? — C. tenue). 

Nomen nudum: C. tripos var. flagellifera Cleve (1899): 3. 


Diagnosis: Differs from var. contrarium in having the girdle diameter ~ 45 p, 
or a diameter 45-48 и and a “kink” at the base of the left horn and/or the ratio 


mu exceeding 1,75. 

Dimensions: In NGY specimens: Girdle diameter 30-42 р, mostly 36-42 и: 
length left profile of hypotheca from base of horn to lower girdle list, 18 27 ШЕ 
length epitheca, seen dorsally, from centre of upper girdle list to base of apical 
horn, 15-27 м; length apical horn 150-465 ш. From literature: diameter: 37-48 
ш (Jorgensen (1911), 31-42 p (Bohm 19316), 40 » (Wang & Nie 1932): 33-42 m 
(Steemann Nielsen 1932), 41-45 y (Silva 1949), 40 и (Halim 1960), 44 и (Halim 
1963), 43 м (Klement 1964), 38,4-45,5 p (Davis & Steindinger 1966). as low as 31 
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PL. 21, fig. 24 LONGIPES Вал, Figa, 143-145 
PI.48,fig.1la,b — 77 
C,TRIPOS FL AGEI T T- 
C.TRIPOS v, MACROCERAS FERUM v.CRASSA Kar, 
f. ARMATA РІ, 49, fig. 25n-c 
Pi, 19, figs.7,8  * 
CLIRIPOs I UNGIPES C,MASSIT TENSE 
f, VENTRICOSA Ost. C.TRIPOS LONGIPFS ve ARMA TUM Kar.) 
P1. 21, fig, 26,260 x CRISTATA kar, еи 
РІ. 48, fig. 120-с 
` C.TRIPOS 2 


LONGIPESBal! ~ — = 
PI. S1, figs. 12,13 


C.TRIPOS VOLANS 
v.CAMPANL LATA Kar, 
* 408 


TABLE 3. 
Chart showing taxonomic history of C. massiliense (Gour.) Karst. up to 1911, with Jórgensen's 
and other authors' interpretation of previously described taxa. 
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к (Steidinger & Williams 1970, who included specimens of var. contrarium with 
diameters > 48 м in the range of measurements given); length apical horn 
200—420 u (Jörgensen 1911). 


Bohm (1.с.), on examination of 208 specimens at 7 stations, found that dia- 
meter decreased with increase in temperature. This was confirmed by Steemann 
Nielsen (1934), who also found that the diameter tended to increase in size in 
neritic conditions; he found further, that antapical horns tended to be shorter 
in specimens from oceanic stations. These observations were not supported by 
random measurements of NGY Agulhas current specimens. 


Ceratium trichoceros var. contrarium (Gourret) Schiller (1937): 431, Fig. 471 
(— Jórgensen (1911) Fig. 160a). 

Rampi (1939): 310, Fig. 39; Wood (1954): 311, Fig. 239b; Steidinger & Williams 
(1970): 47; non Klement (1964): 358, Pl. 3, Fig. 5 (— var. trichoceros). 

С. tripos var. contrarium Gourret (1883): 32, РІ. 3, Fig. 51. 

C. tripos contrarium: Karsten (1906): 145, 147, РІ. 22, Fig. 30a, b. 

C. contrarium (Gourret) Pavillard (1905): 53, Pl. 2, Fig. 1; (1907): 229; (1931): 
89, Pl. 3, Fig. 3; (1937): 9; Jórgensen (1920): 93, Fig. 84; Paulsen (1930): 90, 
Fig. 58A-C; Bohm (19312): 363; (19315): 40; Peters (1932): 50, РІ. 2, Fig. 10с; 
Steemann Nielsen (1934): 27, Fig. 67; (1939): 15; Graham & Bronikowsky 
(1944): 40, Fig. 24A non 22E (= C. massiliense); Silva (1949): 361, PI. 9, ісе |2: 
Нант (1960): 179; (1963): 499, Fig. 30; Margalef & Duran (1953): 42: Wood 
(1963): 7; López (1966): 333, Fig. 46; Sournia (1967): 472, Fig. 89; Paredes 
(1969/70): 42, е.р., поп РІ. 21, Fig. 147 (— var. trichoceros); non Margalef 
(1957): 47 Fig. 3f (= var. trichoceros). 

C. tripos var. macroceras f. contraria (Gourret) Schróder (1901): 16. 

C. tripos var. inflexum Gourret (1883): 29, РІ. 3, Fig. 44. 

C. inflexum (Gourret) Kofoid (1908b): 388; Jórgensen (1911): 76, РІ. 9, Figs. 
160a, b, 161 a, b; Schróder (1911): 647; Pavillard (1916): 18; Forti (1922); 72; 
Pl. 5, Fig. 58 (— Jórgensen Fig. 161a); Абе (1927): 432, Fig. 50; non Schróder 
(1906): 362 (belongs to Section 7ripos, as Schröder describes the “ап(арех” as 
“etwas gewolbt"). 

? C. tripos var. macroceras f. inflexa (Gourret) Schróder (1900): 16, е.р., поп 
Pl. 1, Fig. 17h (= C. contortum var. karstenii (Pav.) Sour. according to Jórgensen 
(1920: 75)). 

C. flagelliferum Cleve (19004): 14, e.p., non РІ. 7, Fig. 12 (— var. trichoceros); 
(1900b): 217, p.p., (includes var. trichoceros). 

C. tripos flagelliferum (Cleve) Karsten (1906): 145, 148, PI. 22, Fig. 31 a. c. d. 
non b (— var. trichoceros). А 

C. tripos flagelliferum f. crassa Karsten (1906): 146, 148 РІ. 22, Fig. 32b non 
a (— var. trichoceros); non (1907): 410, PI. 49, Fig. 25a-c (— C. massiliense). 
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LEFT HORN DEGREE COORDINATE VI TH THE 150 M RADIUS COORD TANMATTAR 


< 120? 


260 83 57 CC 63,70 
760 83 2A СТМ 75 
«CL 00 4 CV 64 

205 01 22 CP 67 

205 01 21 CV 75 

?PA 07 1А CP 69 

ФРА 07 1В СР 70 

ФРА 16 4 ССУ 69 

ФРА 23 С ССУР 63,69 
*SH 06 35 CC 90 

ж5Н 06 36 СЕ 108 
*SH 06 37 CH 90 

"КА 06 19A СТУ 104 
"КА 06 198 СТУ 96 
"КА 06 21 CTVS 96 
"КА 07 18A CTVE 72 
"КА 07 188 CTVE 88 
ЖКА 07 27D CTM 88 
»КА 07 27Е СТМС 104 


ЖОК 07 2A СР<65,>65 
ЖОК 07 2B СР<65,> 65 


ЖОК 07 2С CP 70 
+OK 07 18B CV 72 


+70 11 148 CCV 63 
720 11:149 CCV 60,69 
+FO 22 54 СС 75 
+PU 30 57A.CC 75 
«PU 30 57C CC 63 
?BO 31 18B CME 66 
*SN 34 64 CCV 64 
+SL 37 4648 CC 60 
4GB 44 22A CC 75 
?MD 53 12L CCV 70 
«НА 60 11 CCV 72 
«НА 63 28 CMM 66 
*LO 66 47 CC 63 
*LO 66 48 CC 63 
4LO 66 49 CCV 70 
*LO 66 51 CM 80 
?5W 70 13A CC 66 
?SW 70 14A CCV 72 
—NGYNGYNGYNGYNG YNG Y 
NG YNG YNG YNG YNG YNGY 
NGYNG YNG YNG YNGYNG Y 
NGYNGYNGYNG YNGYNGY 
NG YNGYNG YNGYNGYNGY 
NGYNGYNG YNGYNG YNGY 
NGYNG YNG YNG YNG YNGY 
NGYNG YNG YNG YNGYNGY 
NGYNG YNG YNG YNG YNG Y 
NGYNGYNGYNGYNG YNGY 


120-124° 


205 01 21 СУ 69 


+KO 07 25 CO 73 
%10 11 147 CC 72 


?BO 31 17В СМЕ 66 


*LO 66 48 CC 65 
*LO 66 50 CM 70 


~NGYNG YNGYNGYNGYNG Y 
-NGYNGYNGYNGYNGYNGY 
-NGYNGYNGYNGYNG YNG Y 


125-1299 


260 83 2А СТМ 60 


ФРА 31 6 CC 74 


?JO 11 150 CC 60,66 


?BO 31 18A CME 75 


-NGYNGYNGYNGYNGYNGY 
-NGYNGYNGYNGYNGYNGY 


130-1349 


?РА 05 1 СУ 69 


?MD 53 12% CM 73 


135-1399 


+ок 07 18C CV 64 


?Мр 53 12M CM 66 


NGYNGYNGYNGYNGYNGY 
NGYNGYNGYNGYNGYNGY 


22 140° 


760 83 2 СТМ 60,75 


*SH 06 32 СА 100 
*SH 06 34 CV 88 


ЖОК 07 18р CV 62 
жок 07 18E CV>60 
+ко 07 22 CO 73 
4KO 07 23 CO 66 


?BO 31 17A CME 60,69 


?MD 53 12K CH 73 


* 49 SPECIMENS 
NGYNGYNGYNGYNGYNGY 


“ 
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LEFT HORN DEGREE COORDINATE WITH 300 m RADIUS COORDINATE 


с 
< 120 120-1299 130-139? EE => 1409 
260 83 57 СС 63,70 260 83 57 СС 63,70 760 83 57 С 2 
«CL 00 4 CV 64 *CL 00 4 CV 64 *CL O0 ACER. 280 9з 2A CM 60,75 во вз C hu Gite 
205 01 22 CP 67 205 01 21 СУ 69,75 
ФРА 07 1A CP 69 ?РА 16 4 CCV 69 ФРА 31 6 С 
ра 3 C 74 ?РА 05 1 СУ 69 
ФРА 23 С ССҮР 63,69 
*SH 06 35 СС 90 *SH 06 37 CH 90 * 
«SH 06 36 CE 108 tee ce um 
*KA 06 19A CTV 104 *KA 06 19В СТУ 96 
ЖКА 06 21 CTVS 96 
"КА 07 18A CTVE 72 *KA 07 27D CTM 88 ЖКА 07 27E CTMC 104 
"КА 07 18B СТУБ 88 
40K 07 20 CP 70 ЖОК 07 2А СР>65 ЖОК 07 2А СР<65 40K 07 18C СУ 64 
жок 07 2B СР>65 *OK 07 2B СР<65 ЖОК 07 18р CV 62 
ЖОК 07 18B CV 72 ЖОК 07. 18E CV 260 
+ко 07 25 CO 73 +ко 07 22 CO 73 
%70 11 148 ССУ 63 +JO 11 147 СС 72 +ко 07 23 CO 66 
?JO 11 149 CCV 60,69 ?JO 11 150 CCC 60,66 
4FO 22 54'CC 75 
4PU 30 57A CC 75 +PU 30 57C CC 63 
?BO 31 18B CME 66 2В0 31 18A СМЕ 75 ?BO 31 17A CME 60,69 
?BO 31 17B CME 66 
*GB 44 22A CC 75 *SN 34 64 CCV 64 +SL 37 4648 CC 60 
?MD 53 12L CCV 70 ?MD 53 12K CH 73 
«HA 60 11 CCV 72 2Мр 53 12M CM 66 
*HA 63 28 CMM 66 ?MD 53 12N CM 73 
4LO 66 49 CCV 70 +10 66 47 CC 63 4LO 66 48 СС 65 
4LO 66 51 CM 80 +LO 66 50 CM 70 
25% 70 14А CCV 72 ?SW 70 13А CC 66 
NGYNGYNG YNG YNG YNGY 
NGYNGYNGYNGYNGYNGY NGYNGYNGYNGYNGYNGY 
NGYNGYNGYNG YNGYNG Y NGYNGYNGYNGYNGYNGY -NGYNGYNGYNGYNGYNGY 
NGYNGYNG YNG YNG YNG Y NGYNGYNGYNGYNGYNGY -NGYNGYNGYNGYNG YNGY -NGYNGYNG YNG YNGYNGY * 49 SPECIMENS 
NGYNGYNGYNGYNGYNGY NGYNGYNGYNGYNGYNGY -NGYNGYNGYNGYNGYNGY -NGYNGYNGYNGYNGYNGY NGYNGYNGYNGYNG YNGY 


LH°C AT 150 д RC 130" 


( VAR. MASSILIENSE ) 


LEFT HORN DEGREE COORDINATE WITH 150 а RADIUS COORDINATE < 130? 


( VAR. CARRIENSE ) 


TABLE 4. 
Showing variation in left horn degree co-ordinates with the 150 and 300 м radius co-ordinates 
in C massiliense (Gour.) Karst., in specimens from the Agulhas current NGY samples and in 
a selection of figures from the literature. The latter are referred to in sequence by author, year 
of publication, figure number, name used and diameter in » which determined scale of photo- 
graphic enlargement; in specimens underlined, co-ordinates are estimated. (BO Bóhm, CL 
Cleve, FO Forti, GB Graham & Bronikowsky, GO Gourret, НА Halim, JO Jorgensen, KA 
Karsten, KO Kofoid, LO López, MD Margalef & Duran, OK Okamura, OS Ostenfeld & 
Schmidt, PA Pavillard, PU Paulsen, SH Schróder, SL Schiller, SN Steemann Nielsen, SW 
Steidinger & Williams; ? — original scale of figure not known, * — scale of figure known, 
but possibly incorrect, + = scale of figure known and probable, — = NGY specimens in 
which left horn degree co-ordinate with 300 p radius co-ordinate is > 130°.) 
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C. tripos flagelliferum f. angusta Karsten (1906): 146, 148, Pl. 22, Fig. 33a non 
bte С. fenue). 

C. tripos flagelliferum var. angusta Karsten (1907): 410, 411, РІ. 49, Fig. 24a, 
non b, c (b — C. massiliense (on account of size), c — C. tenue). 

C. tripos flagelliferum var. major Karsten (1907): 410, РІ. 49, Fig. 22a-d. 

C. tripos var. macrocerds f. claviceps Schróder (1900): 16, РІ. 1, Fig. 17 n, (as 
Jórgensen (1920: 75) indicates, scales given by Schróder are incorrect). 

C. inflexum f. claviceps (Schróder) Jórgensen (1911): 76; Schróder (1911): 647, 
гір, or 

C. trichoceros f. claviceps (Schróder) Schiller (1937): 431; Rampi (1939): 311; 
Wood (1954): 312, ? Fig 239c (in this figure, tips of antapical horns not shown), 
non Fig. 239d (unamed figure with clavate horn tips, from curvature of horns 
— C. tenue). 

C. contrarium f. claviceps (Schróder) Jórgensen (1920): 94. 

C. contrarium var. claviceps (Schróder) Graham & Bronikowsky (1944): 40, 
Fig. 24В; Halim (1960) РІ. 5, Fig. 14. 

C. trichoceros var. contrarium f. claviceps: Davis & Steidinger (1966). 

C. tripos flagelliferum var. undulata Karsten (1907): 410, РІ. 49, Fig. 23. 

Non C. tripos macroceras f. undulata Schröder (1900): 16, РІ. 1, Fig. 17kum 
(k — C. massiliense, 1 — c. tenue (also according to Pavillard (1931) but not 
Jórgensen (1911, 1920) who considered it to be var. contrarium), m — C. vultur 
var. pavillardii (Jórg.) Rein. (considered by Jórgensen (1920: 87, 92 to be both 
C. massiliense and var. pavillardii). 

C. tripos var. typicum Gourret (1883): 31, Pl. 2, Fig. 36; Daday (1888): 99. 
C. tripos var. Gouretii Lemmermann (1901): 636. 

C. trichoceros: Peters (1932): 51, e.p., РІ. 4, Fig. 17a (includes var. trichoceros); 
Abe (1927): 431, Fig. 49; Rampi (1939): 310, Fig. 39. 

C. horridum subsp. tenue: Dangeard (1927): 379, Fig. 43a, non C. tenue O. & S. 
C. massiliense: Paulsen (1930) Fig. 55A, B non C-F (= C. massiliense), non 
C. massiliense (Gourret) Karsten. 

“Typenkreise der Gattung Ceratium" : Schütt (1892): 267, Fig. 77Vb. 


Diagnosis: Differs from var. trichoceros in that the girdle diameter is > 48 p, 
or 45-48 и with the ratio 5М8С < 1,75 and no “kink” at base of left horn 


Dimensions: In NG Y specimens: Girdle diameter 45-60 и, mostly 48-54 p; 
length hypotheca 24-39 u; length epitheca 21-36 u; length apical horn 160-620 
p. From literature: diameter: 51-68 u (Jörgensen 1911), 59-64 z (Paulsen 1930), 
45-60 м (Steemann Nielsen 1934), 48 џ (Paredes 1969/70), up to 61 џ (Steidinger 
& Williams 1970, who included specimens of var. trichoceros, with diameters 
< 45 шіп the range of measurements given); apical horn 300-560 џи (Jorgensen 
1911). 
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Sieemann Nielsen (1934) found that diameter showed an increase in size 
with a decrease in temperature. Random measurements of NGY specimens were 
insufficient to substantiate this. 

The distal parts of the apical and antapical horns generally lie parallel to 
one another: six specimens were found in the NGY samples where the antapical 
horns diverged to a varying degree from one another and the apical horn. These 
were similar to cells referred to by Karsten (1907) as C. tripos flagelliferum var. 
major. In the graphs of antapical horn curvature they are shown separately as 
var. contrarium B, but they do not differ sufficiently to be treated as a distinct 
taxon, (See Figs. 13A-C, 24E). 

The separation of specimens with clavate antapical horn tips as a distinct 
taxon is not justified, as a range of variation, from antapical horns with rounded, 
to slightly clavate, to very expanded tips, is found. Graham & Bronikowsky 
(1944) found specimens with clavate tips rather frequent in the N. Atlantic and 
Pacific; they were not recorded by Sournia (1967) and only two were seen in the 
present survey. 
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